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Improving consistency in the U.S. pork supply has long been a goal of producers and 
processors, though factors contributing to variation in pork composition and quality are ill-
defined. Therefore, variation in pork quality and composition and correlations among 
compositional and quality traits were characterized in multiple studies.  In boneless loins 
destined for export to a quality focused market (N = 154), subjective color and marbling scores 
at 1 and 28 d postmortem were not correlated with sensory tenderness (P ≥ 0.47), chewiness (P ≥ 
0.18), juiciness (P ≥ 0.43), or off-flavor (P ≥ 0.07).  Loin firmness measures, collected at a 
commercial processing facility, did not account for variability in sensory characteristics (P ≥ 
0.08).   In a larger study, 7,684 pigs were used to characterize the relationship between fresh loin 
quality with fresh belly quality and fresh and cured ham quality.  Ultimate loin pH was 
correlated with dimensional belly characteristics (r ≥ |0.07|; P < 0.0001) fresh ham instrumental 
color (r ≥ |0.03|; P ≤ 0.05), and semimembranosus ultimate pH (r = 0.33; P < 0.0001). 
Instrumental L*on the ventral surface of the loin was related to L* on both of the evaluated 
muscles of the ham face (r ≤ 0.33; P ≤ 0.0001).  Even though significant relationships among the 
loin, belly, and ham were detected, the variability in belly and ham quality explained by 
variability in loin quality was poor (≤ 22.1%).  Differences in temperature declines during 
chilling between the loin and ham likely contributed to the weak nature of relationships.  
Equilibration of longissimus dorsi temperature to ambient temperature occurred at 14 h 
postmortem (P = 0.0005), yet the semimembranosus had not equilibrated with ambient 
(equilibration bay) temperature (P < 0.0001) at 22 h postmortem.  Using loin quality to draw 
conclusions about fresh belly and fresh and cured ham quality may be misleading.  Pigs of the 
same dataset were also used to characterize the factors and production practices that contribute to 
variation in pork composition and quality. The mivque0 option of VARCOMP procedure in SAS 
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was used to evaluate the proportion of variation each independent variable (season, production 
focus, marketing group, sex, and random variation due to pig and other factors not controlled  in 
this study) contributed to total variance. Random variation including inherent biological 
differences, as well as factors not controlled in this study, contributed the greatest proportion to 
total variation for each carcass composition and quality trait. Pig and other factors contributed to 
93.5% of the variation in HCW, and marketing group, sex, season, and production focus 
accounted for 4.1%, 1.4%, 0.8%, and 0.3%, respectively. Variation in percent carcass lean was 
attributed to production focus (36.4%), sex (15.8%), and season (10.2%).  Ultimate pH variation 
was attributed to pig (88.5%), season (6.2%), production focus (2.4%), marketing group (2.2%), 
and sex (0.7%).  Use of marketing groups by producers to control variation in final BW is also 
effective in controlling variation in pork quality and primal weights.  Variation in carcass quality 
and composition could be accounted for by independent variables evaluated in this study, but the 
greatest percentage of variation was due to factors not accounted for in normal marketing 
practices.  Finally, hams from the 7,684 pigs were used to 1) to characterize the effect of 
marketing group on fresh and cured ham quality, and 2) to determine which fresh ham traits 
correlated to cured ham quality traits. Leg primal weight and instrumental color were measured 
on 100% of the population. On the select 10% of the population, hams were fabricated into sub-
primal pieces, and three-piece hams were manufactured to evaluate cured ham quality and yield. 
Data were analyzed as a split-plot design in the MIXED procedure of SAS . Pearson correlation 
coefficients between fresh and cured ham traits were computed.  There were no differences (P ≥ 
0.15) in instrumental color or ultimate pH (P ≥ 0.14) among fresh ham muscles from any 
marketing group.  The only exception was the semimembranosus of marketing group 2 was 
lighter than marketing group 1 (P = 0.03) and the dark portion of the semitendinosus muscle 
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from group 1 was lighter than from group 3 (P = 0.01). Cured lightness values of hams from 
marketing group 1 and 2 were 1.52 units lighter than hams from marketing group 3 (P ≤ 0.01). 
Fresh ham quality was not strongly related to cured ham quality. Some correlations were present 
between fresh and cured ham traits, but those relationships were likely not strong enough to be 
used as a sorting tool for fresh hams to generate high quality cured hams.  Overall, some 
variability in pork quality and composition can be attributed to management practices of pigs, 
but the overwhelming contributor to variability was pig and other factors not controlled for in 
this study.  Variability in firmness did not explain significant proportions of variability in pork 
sensory characteristics.   Further, marketing group has little impact on pork quality.  Finally, 
using loin quality as an indicator of whole carcass quality may be misleading.  Therefore, in 
order to determine quality, pork primals must be evaluated independently.  
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REVIEW OF LITERATURE 
INTRODUCTION 
The United States produces approximately 6 billion pounds of pork per year (NPB, 
2014).  Of this, 6 billion pounds of product, 24% is exported adding $48.31 of value per pig 
marketed in the U.S. (Masker, 2016).With a current pork carcass value of $152.97(estimated 
from current market prices, 92.97 kg carcass), approximately 32% of the dollar value of a carcass 
is derived from export.  Selection criteria are specific to each export market with some focused 
on high quality products and other focused on product quantity.  Production of pigs to meet the 
pork demands of a variety of export markets, as well as, the needs of domestic customers, results 
in variation in quality and composition of carcasses.  Estimates from 2012 suggest there are 
63,246 swine producers in the United States (NPB, 2014).  These swine producers produce pigs 
from a variety of genetic lines, raised in different environmental conditions, and fed various feed 
ingredients.  Therefore, it is unsurprising inherent variation in pork quality is present in the U.S. 
swine industry.  Evaluating factors that affect pork quality in a dynamic and evolving industry 
requires a multi-faceted approach.  As indicated by a plethora of studies, pork quality and 
composition are impacted by a variety of factors, including but not limited to: genetics (Brewer 
et al., 2002), birth weight (Gondret et al., 2006; Puls, 2010), ambient temperature during growth 
(Cruzen et al., 2015; Johnson et al., 2015a), production system (Honeyman and Harmon, 2003; 
Lebret et al., 2006), diet (Benz et al., 2010; Leick et al., 2010; Xu et al., 2010), feed additives 
(Leick et al., 2010; Hinson et al., 2011, 2012) marketing group (Lowe, 2014, 2016), 
transportation procedures (Carr et al., 2008; Ritter et al., 2009; Correa et al., 2013), lairage time 
(Warriss et al., 1998; Gajana et al., 2013), carcass chilling procedures (Springer et al., 2003; 
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Shackelford et al., 2012a; Blakely, 2014), and castration method (Boler et al., 2014; Lowe et al. 
2014, 2016).  Variation in pork quality and composition traits leads to differences in the total 
value of a carcass.   
Given, the majority of U.S. meat processors wish to pay for a carcass based on the value 
gained from that carcass (Newman, 1997), determining pork value using a grading system has 
been a discussion for some time.  Literature from the 1980s indicated discussions regarding pork 
carcass pricing were focused solely on pork carcass weight, back fat thickness, and muscling 
(Hayenga et al., 1985).  More recently, emphasis has been placed on developing systems to sort 
pork carcasses based on quality.  In 2013, the National Pork Board funded an economic needs 
assessment (Tonsor and Schroeder, 2013) bringing the discussion of pork carcass grading 
specifically to pork quality.  However, this assessment focused largely on fresh pork loin quality 
and not the quality of the entire carcass.  In order to best manage variation and capture maximum 
revenue, the pork industry must understand the total variation currently present in the quality of 
U.S. pork primals.  Furthermore, a relationship of quality among pork primals must be 
established.  It must be stressed that implementation of a pork quality grading system would 
likely be insufficient in resolving the issues associated with variation in pork quality and 
associated variation in consumer eating experiences (Tonsor and Schroeder, 2013).  However, a 
pork quality grading system would allow for carcasses to be categorized into quality classes for 
value-added markets focused on specific quality attributes.  Therefore, the objectives of this 
review are: 1) to define variation from a statistical perspective, 2) to discuss management factors 
of pork production likely contributing variation to pork quality, 3) to discuss current methods 
used to evaluate pork quality at a rapid pace consistent with commercial processing speeds, and 




 Variation can be defined as the sum of uncertainty and variability (van Belle, 2008).  
Uncertainty refers to precision associated with the measurement of a trait (van Belle, 2008).  In 
the evaluation of pork quality, uncertainty would encompass sensitivity of equipment such as a 
pH meter or colorimeter, as well as, method differences when comparing studies (aging time, 
equipment settings, calibration methods/standards, etc.).  Variability encompasses variation due 
to true biological differences among experimental units.  Although it would be ideal to 
completely separate variability from uncertainty, researchers are not often able to estimate 
uncertainty.  Therefore, for the purpose of this dissertation, variation and variability will be used 
interchangeably to represent differences within a population.  Armitage et al. (2002) reviewed 
the basic methods for describing variation: scatter, range (including the creation of a box and 
whisker plot), standard deviation, variance, and coefficient of variation (CV).  
Scatter 
The scatter plot is one of the most rudimentary forms of data presentation.  It allows for 
the comparison of the relationship between X and Y candidate variables.  A smooth fitted curve 
(a straight line that passes through the mean of Y candidate variables at each X candidate 
variable), known as a least squares line can be drawn to represent the summarization of the 
relationship between the dependent and independent variable (Ott and Longnecker, 2001).  By 
drawing this line it easy to observe how far data points are away from the least squares line and 
therefore a rough estimation of variation can be obtained.  The scatter plot is advantageous for 
visual representation of data, as well as when the total number of observations in the study is 




A range is the difference between a maximum and minimum value within a data set 
(Armitage et al., 2002).  Armitage et al. (2002) highlighted the three main drawbacks of using 
only a range for the calculation of variation: 1) the numerical value used as the range is only 
determined by two observations, 2) the interpretation of the range depends on the number of 
values that fall between the minimum and maximum values, and 3) calculations based on 
extreme values (outliers) can make this method unreliable.  A method to overcome these 
drawbacks is creating a box and whisker plot from the data.  A box and whisker plot consists of a 
median, lower quartile, upper quartile, whiskers, upper and lower inner fences, and upper and 
lower outer fences (Ott and Longnecker, 2001).  The median represents the middle most number 
of the data set, or the 50th percentile.  If the data set has an even number of observations, the 
median is calculated as the mean of the two middle most data points.  The lower quartile is 
determined as the median of the half of the data set below the median of the whole data set.  This 
is referred to as quartile 1 or the 25th percentile of the data set.  Conversely the upper quartile 
(quartile 3) is the median of the data points which fall above the median of the whole data set.  
Quartile 3 represents the 75th percentile of the data.  An inner quartile range is calculated as the 
difference between quartile 3 and quartile 1.  The lower inner fence is calculated 
as: 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 1 − 1.5 (𝐼𝑄𝑅), and the upper inner fence is calculated as: 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 3 + 1.5 (𝐼𝑄𝑅).  
These calculations are important for two reasons: they set the boundaries for drawing whiskers, 
but more importantly, they set the boundary for data points to be considered as outliers.  The 
upper and lower whiskers on a box plot indicate the maximum and minimum values within the 
data set which are not considered outliers.  Lastly, the lower and upper outer fences are 
calculated.  The lower outer fence is calculated as: 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 1 − 3.0 (𝐼𝑄𝑅), and the upper outer 
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fence is calculated as: 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 3 + 3.0 (𝐼𝑄𝑅).  Data points that fall between the fences are 
considered outliers, and data points that fall outside the outer fence are considered extreme 
outliers. 
Variance and Standard Deviation 
Variance is calculated as: s
2




; where 𝑥𝑖 is an observation, 𝑥 is the sample mean, 
and n is the number of data points, with the units of variance the same as the variable measured 
squared (Armitage et al., 2002).  Standard deviation is the square root of the variance, with units 
the same as the original variable (Armitage et al., 2002).  Standard deviations are often used to 
describe variability due to the empirical rule.  As stated by the empirical rule: 𝑥  ± 𝑠, would 
contain approximately 68% of the data in the population (where 𝑥 is the sample mean; Ott and 
Longnecker, 2001).  Furthermore, 𝑥  ± 2𝑠, would contain approximately 95% of the data in a 
population and 𝑥  ± 2𝑠, would contain approximately 99.7% of data in a dataset (Ott and 
Longnecker, 2001). 
Coefficient of Variation 
The coefficient of variation (CV) is often used to compare variation across variables that 
originally possessed differing units.  Coefficient of variation is calculated as: 
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  
𝑚𝑒𝑎𝑛
 
𝑥 100 (Armitage et al., 2002).  This equation allows for the presentation of variation as a 
proportion of the mean (Armitage et al., 2002). 
Uses of Variation Methods 
 Each of the aforementioned variation measures offer merit in the discussion of variation 
both within and across studies.  The scatter plot allows for a quick visual comparison of data.  
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Comparing two studies it would be easy to determine if there were large differences in variation.  
However, this method does not allow for the differentiation of subtle differences in variation.  A 
range offers an indication of large numerical spread in a data set, but this method is easily 
influence by outliers in a data set.  The box and whisker plot offers a solution to this problem by 
using quartiles and an interquartile range to determine outliers in a data set.  Box and whisker 
plots are of extreme use when comparing variation between multiple large data sets.  Standard 
deviation is commonly used as a descriptor of variance due to its application in the empirical 
rule.  Yet, this measure can be negative in value.  Thus, by squaring this value to obtain a 
variance, variation can be evaluated as a positive value.  This also allows variance to be used 
easily in further calculations.  For example, variance component models can used to assess the 
amount of variation in a dependent variable that is associated with one of more independent 
(random) variables (Garson, 2012).  Coefficients of variation allow for comparison of variation 
across data sets, which is of extreme use in studies with differing means.  However, it should be 
noted that this method of measuring variation becomes sensitive to small changes in variation 
when the mean is small.  In conclusion, each of these measures are valid methods to discuss 
variation.  When determining which method is the most appropriate to use it is important to 
consider the desired end result.  If the end goal is a quick assessment of variation, a scatter or 
box and whisker plot may be sufficient.  However, if the end target is describing independent 






PORK MANAGEMENT PRACTICES CONTRIBUTING TO VARIABILITY 
Production Focus/Genetics 
Genetics are an integral part of pork production due to heritability of a variety of pork 
traits.  For example, research by Lo et al. (1992),  using reciprocal crosses of purebred Duroc and 
Landrace pigs, reported a heritability of 0.36 ± 0.07 for average daily gain.  Within this 
population, heritability for carcass composition and quality were reported: loin muscle area (0.80 
± 0.16), loin color (0.11 ± 0.06), marbling (0.16 ± 0.07), and firmness (0.29 ± 0.09), ultimate pH 
(0.14 ± 0.08), and sensory tenderness (0.45 ± 0.12; Lo et al., 1992).  In a study that used a 
genetic background of 20 sires of a synthetic Piétrain-Large White halothane-free boar line 
(TOPIGS, Vught, The Netherlands), bred to sows of an unspecified, single commercial line, a 
heritability of 0.19 ± 0.09 was reported for average daily gain (van Wijk et al., 2005).  Further, 
heritability for traits such as ultimate pH (0.11 ± 0.07), drip loss (0.08 ± 0.05), loin marbling 
(0.31 ± 0.12), and loin firmness (0.20 ± 0.08) were reported (van Wijk et al., 2005).  Comparing 
the heritability values of these studies, it becomes evident genetic line plays a role in heritability, 
and ultimately pork quality.   
Comparing means from studies which evaluated meat quality of differing genetic lines, 
further confirmed genetics play a large role in pork quality.  Latore et al. (2003) compared pork 
quality of pigs sired by boars of 3 genetic backgrounds (Danish Duroc, Dutch Duroc x Large 
White, and Piétrain x Large White), and reported genotype had an effect on carcass yield 
(Piétrain x Large White crosses had lesser yield than the other genetic backgrounds).  Further, 45 
minute pH was less in the Piétrain x Large White pigs than the other genetic backgrounds, but 
ultimate pH was not affected by genetic background (Latore et al., 2003).  A study which 
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compared 8 differing genetic backgrounds within the U.S. [Line 1 – Duroc, Line 2 – synthetic, 
Line 3 – synthetic, Line 4 – Duroc/Landrace, Line 5 – Piétrain (Halothane negative), Line 6 – 
Ducroc/Hampshire (some expressing the rendement napole gene), Line 7 – Piétrain (Halothane 
negative), and Line 8 – Large White] observed that different genetic backgrounds resulted in 
differences in visual pink color, lightness, and marbling (Brewer et al, 2004).  Specifically, line 7 
[Piétrain (Halothane negative)] had the greatest visual pinkness score (scale: 1 = none, 15 = 
intense; Brewer et al., 2004).  Further, pigs of lines 3 (synthetic) and 7 [Piétrain (Halothane 
negative)] had a greater amount of visual marbling than pigs of line 6 (Duroc/Hampshire); yet 
pigs of line 6 (Duroc/Hampshire) had greater marbling than pigs of lines 4 (Duroc/Landrace) and 
8 (Large White; Brewer et al., 2004).  Additional research by Brewer et al. (2002) evaluated 7 
USA PIC genetic lines [Duroc, Piétrain (Halothane negative), Piétrain (Halothane positive), 
Berkshire, Hampshire (rendement napole +), Hampshire (rendement napole -), synthetic line]. 
This study reported the greatest shear force in chops from Halothane positive Piétrain and 
rendement napole positive pigs (Brewer et al., 2002).  Further chops from rendement napole 
negative Hampshire carcasses were the most juicy (Brewer et al., 2002).  Although the 
aforementioned studies, are not close to being all-inclusive in the genetics used throughout the 
U.S. and the world, they clearly indicate that use of different genetics results in differences in 
pork quality. Genetics are most certainly the foundation on which pigs for differing value-added 
plant programs are started.  However, other management techniques (e.g. diet) are likely 
involved in producing pigs which target either a lean or a quality focused program. 
Diet 
Pork quality can be impacted by diet.  Ellis et al. (1996) reported when pigs fed an ad 
libitum or restricted diet were compared with each other, pigs on the ad libitum diet produced 
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pork which was more juicy and tender.  Further, Pettigrew and Esnaola (2001) reviewed a 
variety of diet management strategies that impact pork quality, including, but not limited to: 
dietary energy levels, dietary amino acid levels, vitamin E concentration, and supplemental 
magnesium.   
Temperature during Production 
Midwest U.S. swine producers must deal with a wide variety of environmental 
temperatures on both production and transport with extremes during hot and cold months.  The 
cold susceptibility of swine (Young, 1981) combined with animal welfare and economical 
decisions have led to the production of the majority of U.S. pork in environmentally managed 
barns.  Little current peer-reviewed literature exists on the effects of cold stress on pigs.  
However, historical data by Heitman et al. (1958) reported that ambient temperature at which 
ADG was maximized varies based on the weight of the pig; 23.1 °C for 45 kg pigs and 16 °C for 
159 kg pigs.  To achieve optimum growth temperatures must be managed in barns based on pig 
body weight.  Optimum temperatures lead to animals being in their thermal neutral zone, which 
is defined as the range in temperatures where an animal can thermoregulate by variations in 
tissue insulation and that metabolic rate is constant (Ingram, 1974).  Current industry practices 
suggest, for optimum growth, a finishing barn should be kept at 32 ºC when pigs are brought in 
from a nursery and then gradually reduced to approximately 16 ºC at time of marketing (PIC, 
2014).  Humidity should be maintained below 65% (PIC, 2014). Even with cold and heat 
abatement strategies, variation in temperature does exist and may put strain on a production 




Heat Stress. Recently, specific emphasis has been placed on the role of heat stress in 
swine production.  Heat stress is estimated to cost the U.S. swine industry between $299 million 
and $316 million per year (St-Pierre et al., 2003).  This loss is due to: increased morbidity, 
mortality, depressed growth, poor nutrient use and sow performance, and decreased carcass 
value (St-Pierre et al., 2003).  Heat stress is the result of a negative balance between energy 
output from the animal to the environment and the amount of energy from heat produced by the 
animal (St-Pierre et al., 2003).  This is evidenced by an increased rectal temperature and 
increased respiration rate in constantly heat stressed animals compared to thermal neutral 
controls (~20 ºC; Pearce et al., 2013; Johnson et al., 2015ab).  This increased temperature 
ultimately results in decreased feed intake and therefore reduced gain (McGlone et al., 1987; 
White et al., 2008; Johnson et al., 2015a). 
 Heat stress both in utero and during the postnatal growth period of an animal has the 
potential to impact carcass composition.  Decreased feed intake and reduced gain that animals 
which were heat stress could presumably affect adipose tissue accretion rates.  When sows were 
subjected to a cyclical heat stress to mimic daily temperature patterns (27 °C night and 37°C 
day) during gestation their offspring deposited less skeletal muscle concurrent with increased 
adipose tissue deposition in finishing pigs (80.5 ± 1.5 kg BW; 34.4 ± 1.8 °C; Johnson et al., 
2015b) but not in pigs slaughtered during the growing phase (61.5 ± 0.8 kg BW; 34.1 ± 2.4 °C; 
Johnson et al., 2015a).  However, when pigs are heat stressed during the postnatal growth period, 
heat stress reduced adipose tissue accretion rates without impacting total lean or adipose 
accretion (Johnson et al., 2015a).  When these same parameters were estimated in pigs of 
approximately 20 kg greater body weight both whole body lipid and protein accretion rates were 
reduced in heat stressed pigs compared with thermal neutral (Johnson et al., 2015b).  Cruzen et 
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al. (2015) conducted research of a similar experimental design; heat stressed sows were 
subjected to diurnal heat stress (28 – 34 °C) however this was for the first half, second half, or 
the entirety of gestation, and then barrows were subjected to constant heat stress (32 °C) or a 
thermal neutral control (18 – 22 ºC).  Gestational heat stress affected allometeric growth, 
decreasing head weight as a percentage of BW of pigs from sows heat stressed in the first half of 
gestation and decreasing bone weight in relation to total BW of pigs farrowed to sows heat 
stressed in the second half of gestation.  Heat stress during postnatal growth of barrows resulted 
in less carcass separable fat (P < 0.01) and a tendency for decreased 10th rib backfat (P = 0.06) 
compared to thermal neutral controls, but no differences in intramuscular fat was observed 
between the two treatments.   Pigs in this project were slaughtered at a similar ending BW (109 ± 
5 kg).  Although no differences were reported for loin eye area, lean tissue was increased in both 
a weight and percentage of body weight basis of heat stressed pigs.  Similar to the hypothesis St-
Pierre et al. (2003) suggested, Cruzen et al. (2015) confirmed that chronic heat stress during the 
finishing phase of swine results in a leaner carcass from a pig which takes longer to reach market 
weight when compared with a pig kept in conditions of thermal neutrality.  Effects of heat stress 
(diurnal 32.2 °C and ambient temperature) have been evaluated on bacon and lipid quality 
(White et al., 2008).  Application of heat stress to pigs resulted in increased iodine values by 
2.3% and impacted belly quality.  Specifically, bellies from heat stressed pigs had increased 
collagen content, lean percentage, lean:fat ratio, and elevated raw slice score (increased number 
of poorer quality # 2 slices as defined by Person et al. (2005), while having decreased raw and 
cooked sliced weights (White et al., 2008).  Little loin quality or sensory data have been 
collected on pigs subjected to heat stress.  Even so, heat stressed broilers (32 ºC) had decreased 
muscle protein turnover rate compared with thermal neutral controls (22 º C; Temim et al., 
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2000).  Due to this, it is hypothesized that heat stressed animals could have decreased 
postmortem proteolysis and, therefore, pork with tougher mechanical and sensory tenderness 
values compared with pork from pigs raised in thermal neutral conditions.  Little research has 
directly focused on the impact of heat stress on pork color.  However, with the understanding 
that there is the potential for increased PSE pork as elevated rectal temperatures are associated 
with an increased incidence of PSE (Vermeulen et al., 2015), it is hypothesized that heat stress 
will impact pork color.  This hypothesis could potentially explain why pigs slaughtered in the 
summer have double the risk of producing PSE loins than pigs slaughtered in the winter (Guàrdia 
et al., 2004).  It is unclear whether this risk of producing a greater number of PSE loins in the hot 
season compared to the cold is due to long term or short term stresses. 
 Pork producers do take steps to minimize heat stress in swine populations.  In a 42 day 
experiment conducted over the hot season the central U.S. (mean maximum daily temperature = 
32.8 °C ; mean minimum daily temperature = 20 °C) it was concluded that use of a fogger (6.4 
L/ hr)  and sprinkler (9.5 L/ hr) in a swine finishing barn were effective in increasing average 
daily gain (Nichols et al., 1979).  The fogger and sprinkler were activated when the dry bulb 
temperature in the barn met or exceeded 26.7 °C.  Feed intake and feed:gain values were not 
different between control pigs and pigs which had acooling system.  The experiment was 
repeated one year later foggers and sprinklers were set to 6.1 and 11.7 L/ hr, respectively 
(Nichols et al., 1979).  It was concluded that the use of a sprinkler increased ADG over a fogger, 
but both were greater than the control.  Further feed intake did not differ when a cooling system 
was used; however use of a cooling system was greater than the control.  Finally, use of a 
sprinkler resulted in a greater feed:gain compared to both the fogger and control, which were not 
different from each other.  More recent studies have focused more on animal behavior in 
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gilts/sows (Barbai and Conti, 2009; Bull et al., 1997) than growth and efficiency of market 
swine. There is evidence to suggest that pigs can somewhat adapt to high temperatures.  Heat 
stressed young pigs have been shown to have a reduced thermic effect of feed and fasting heat 
production compared to control pigs (Collin et al., 2011).  However, this was directly related to a 
decreased voluntary feed intake at high environmental temperature (Collin et al., 2011).  Collin 
et al. implies that reduction in fiber or protein content of the feed could attenuate the negative 
effects of hot temperature conditions. 
Cold stress. Due to the fact that a large portion of the U.S. swine populations are now 
finished in commercial temperature regulated barns, fewer recent manuscripts focus on cold 
stress compared with heat stress.  Faure et al. (2015) recently presented results of an experiment 
focused on cold stress (15 - 23 °C) of pigs during post weaning (cold stressed, CD, or thermal 
neutral, TN) and during finishing (CD or TN); resulting in 3 treatment groups: CD-CD, CD-TN, 
and TN-TN.  The longissimus muscle of CD-CD pigs was reported to have a greater glycolytic 
potential and lower ultimate pH, coupled with a greater drip loss, color saturation and 
intramuscular lipid content compared with loins from pigs which were raised in a TN-TN 
environment.  Additionally, loins from those pigs which were produced in a CD-TN environment 
had a decreased glycolytic potential and greater ultimate pH compared with loins of pigs 
produced in a TN-TN environment; however these groups did not exhibit different intramuscular 
lipid percentage or drip loss compared to each other. The reduction observed in glycolytic 
potential was likely the result of an increase in muscle oxidative capacity due to cold exposure 
(Faure et al., 2013).  Cold exposure has been demonstrated to increase the percentage of type I 
fibers and decrease the percentage of type IIB fibers (Herpin and Lefaucheur, 1992).  This 
change in muscle would also result in a concurrent change in glycogen content as fast, white 
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fibers (type IIB) fibers have greater glycogen content than slow red fibers (type I; Fernandez and 
Tornberg, 1991).  Given, the results of the study evaluating cold stress on meat quality, Faure et 
al. (2015) concluded that long-term effects of low temperature production environments in both 
nursery and grow finish pigs impact meat quality.  This study continued on to conclude that 
short-term effects of cold ambient temperatures on muscle metabolism influence older pigs and 
impact meat quality from these pigs (Faure et al., 2015).  Although this study did correctly 
conclude that short term cold exposure to nursery pigs did not impact meat quality at slaughter, it 
cannot be reasonably concluded that this exposure to cold did impact muscle metabolism of 
nursery pigs, albeit for a brief time.  Faure et al. (2013) concluded that cold stress in pigs post 
weaning had no effect on lactate dehydrogenase, citrate synthase and β-hydroxy-acyl-CoA 
dehydrogenase.  However the aforementioned enzyme activities were enhanced in cold stressed 
grow-finish pigs. 
Studies have reported different results regarding the impact of cold stress on carcass 
composition.  Cold exposure (10 °C) of pigs resulted in shorter carcasses, less leaf fat, and a 
reduced cutting yield (Stahly and Cromwell, 1979; Stahly et al., 1979).  Faure et al. (2013) 
concluded that lean meat content, percent of primals in regard to overall carcass weight, and 
back fat and muscle depths were no different due to cold stress (during both the nursery and/or  
finishing phases). 
Seasonality. A potential pitfall with research on seasonality is lack of replication.  Given 
that season is applied to a geographical area, geographical area would serve as the experimental 
unit.  The most direct manner to overcome this pitfall is to conduct replication of the same 
methodologies over multiple years.  This can often be unfeasible from an economic standpoint.  
Furthermore, significant variation could occur during the same season over multiple years.  This 
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variation could lead to increased standard errors within the data set.  Thus, when evaluating 
seasonality data it is important to understand the context in which season is defined and 
replicated. 
Transport and Lairage 
 Transport stresses on a pig play an integral role in pork quality (floor space per pig on the 
truck, lairage floor space per pig, lairage time, etc.).  Ritter et al. (2009) reported handling 
intensity [pigs were moved individually; gentle (pigs were moved at their own pace with 4 slaps 
from a livestock paddle over 2 laps of a 50 m handling course; additional slaps were given when 
a pig refused to move) or aggressive (moved with an electric goad and a sort board with 8 shocks 
over 2 laps of a 50 m handling course)], transport floor space (0.39 m
2
/pig or 0.49 m
2
/pig), and 
distance moved (pigs moved individually; 25 m or 125 m)  during handling had additive effects 
on several metabolic stress indicators.  Blood pH was reduced and blood lactate was elevated in 
aggressive vs. gentle handled pigs (Ritter et al., 2009).  Additionally, within the aggressive 
handling treatment pigs moved 125 m had greater blood lactate and lesser blood pH than pigs 
moved 25 m (Ritter et al., 2009).  Pigs transported at a floor 0.39 m
2
/pig for 1 h had increased 
creatine kinase values after a multiple stressor model (included handling intensity, distance 
moved, and transport floor space per pig) was applied compared to pigs transported at 0.49 
m
2
/pig (Ritter et al., 2009).  Ritter et al. (2009) indicated creatine kinase is an indicator of 
physical stress and muscle damage, therefore pigs transported with less space per pigs had 
increased physical stress and muscle damage.  Other studies have evaluated the impact of 
transport and lairage stressors on pork quality.  Carr et al. (2008) concluded transport stocking 
density (high = 0.31 m
2
/100 kg of pig vs. low = 0.38 m
2
/100 kg of pig) did not impact ultimate 
pH or loin color score, but pigs stocked at a high density had decreased purge loss and drip loss 
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compared with those stocked at a low density.  Gajana et al. (2013) reported that ultimate pH 
was affected by stocking density during transport.  Specifically, pigs with a stocking density 
categories of > 3 m
2
/100 kg of pig (ultimate pH = 5.67) and 2 to 3 m
2
/100 kg of pig (ultimate pH 
= 5.69) had the greatest ultimate pH values and stocking densities of 0.3 to 0.5 m
2
/100 kg of pig 
(ultimate pH = 5.37) and 0.1 to 0.29 m
2
/100 kg of pig (ultimate pH = 5.31) had the lowest pH 
values (Gajana et al., 2013).  The discrepancy in the conclusions the Carr et al. (2008) and 
Gajana et al. (2013) may be the result of pigs with inherently higher pork quality (as determined 
by pH) used in the study by Carr et al. (2008).  At the stocking densities used by Carr et al 
(2008), ultimate pH was 5.77 to 5.78, whereas in the Gajana study (2013) ultimate pH for pigs 
stocked at a density of 0.3 to 0.5 m
2
/100 kg of pig was 5.37.  Additionally, increased 
transportation time increased the risk of PSE pork (Gajana et al., 2013).  At transportation times 
greater than 3 h mean pH was 5.36 compared to a mean pH of 5.65 with transportation times of 
less than 1 h (Gajana et al., 2013).  Once at the plant, Warriss et al. (1998) concluded longer 
lairage times (overnight vs. 1 and 3 h) reduced the prevalence of PSE pork, but increased the 
prevalence of DFD pork.  Furthermore, overnight lairage reduced backfat thickness and carcass 
yield compared with a less than 1 h or 3 h lairage (Warriss et al., 1998).  Warriss et al. (1998) 
hypothesized the reduction in backfat thickness in pigs lairaged overnight compared with pigs 
lairaged for 1 and 3 h was the result of loss of water from adipose tissue, not actual loss of lipid 
which would likely not have been mobilized at great magnitude given the short time removed 
from feed.  Carr et al. (2008) observed an increased L* value; purge loss; and pale, soft, and 
exudative percentage; concurrent with a decreased color score and pH in pigs lairaged for 3 
hours compared to 45 minutes.  These data are not consistent with data of Warriss et al. (1998) 
that indicated increased ultimate pH of the longissimus dorsi, semimembranosus, and adductor 
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from 1 to 3 h of lairage time.  Given these results in can be concluded that pork quality from pigs 
lairaged 3 h was poorer than pigs lairaged a shorter (45 min) or longer (overnight) amount of 
time.  
Marketing Group 
 Over 95% of the pigs sold in the U.S. are sold on matrices offering premiums for specific 
hot carcass weights and lean percentages (Meyer, 2005).  Therefore to capture value, pigs are 
sent to slaughter over multiple marketing groups within a barn.  Pigs marketed using a multiple 
marketing group strategy are typically marketed over 2 to 6 weeks (Hinson et al., 2012; 
Gerlemann et al., 2014; Arkfeld et al., 2015).  This marketing strategy results in improvements in 
growth performance, on average, after the removal of a marketing group.  Split marketing 
improved pig ADG by 11%, ADFI by 6%, and G:F by 6%, when compared with pigs from an 
all-in-all-out marketing system (DeDecker et al., 2007).   
Confounding marketing group and slaughter day is the concomitant result of the way pigs 
are marketed within industry, and therefore must be considered when evaluating data.  Lowe et 
al. (2014) evaluated the effect of marketing group on carcass composition traits and loin quality 
characteristics of physically and immunologically castrated barrows.  Barrows from marketing 
group 3 had 3.1% and 2.9% greater hot carcass weight over marketing groups 1 and 2, 
respectively.  Further, estimated percent lean was 3.5% greater in marketing group 2 than 
marketing group 3, with marketing group 1 reported to be intermediate, but statistically different, 
from the other groups (2.0% lighter than marketing group 2 and 1.4% heavier than marketing 
group 3).  Lowe et al. (2014) reported the palest pork loins were from marketing group 3.  Loin 
chops from pigs of marketing group 2 were darker (lower L* value) than marketing groups 1 
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(3.2% change) and 3 (6.5% change).  Further, loin chops from pigs of marketing group 1 were 
3.3% darker than loin chops from pigs of marketing group 3.  Warner-Bratzler shear force was 
the greatest in loins of pigs from marketing group 1 (3.02 kg) and marketing groups 2 (2.72 kg) 
and 3 (2.72 kg) were not different from each other.  Loin ultimate pH decreased from marketing 
group 1 to marketing group 3; a decrease of 2.0% in pH from marketing group 1 to 2, and a 
decrease of 0.5% in pH was present from marketing groups 2 to 3 (Lowe et al., 2014).  Although, 
it would be expected a decrease in loin quality would be observed from marketing group 1 to 3 
(given pH values), L* value was actually darker in marketing group 2 than marketing group 1.  
However, from a tenderness perspective, loins from marketing groups 2 and 3 are more desirable 
than those from marketing group 1 due to their increased tenderness.    
Lowe et al. (2016) evaluated fresh and cured belly and ham characteristics from 66 
carcasses across three marketing groups.  Fresh ham pH (measured on the semimembranosus 
adjacent to the head of the femur) for each marketing group was significantly different.  Ultimate 
pH was greatest in the first marketing group (5.74) and the least in the third marketing group 
(5.50; 4.4% change compared with marketing group 1) with an intermediate pH (5.70; 0.7% 
change compared with marketing group 1; 3.6% change compared to marketing group 3) in the 
second marketing group (Lowe et al., 2016).  Although semimembranosus L* value was 
unaffected by marketing group, a* values were greater for the third marketing group compared 
with marketing groups 1 (21.7% change) and 2 (21.6% change), which were not different from 
each other (Lowe et al., 2016).  Hams were pumped to 130% of green weight.  The majority of 
ham processing characteristics were unaffected by the main effect of marketing group, with the 
exception of cooked yield (Lowe et al., 2016).  Ham from pigs slaughtered in the first marketing 
group had 4.51% greater cooked yield and hams from pigs of the second marketing group had 
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4.34% greater cooked yield when compared with hams from pigs slaughtered in the third 
marketing group (Lowe et al., 2016).  These results are in partial agreement with the results of 
semimembranosus pH as hams with a greater semimembranosus pH had a greater cooked yield 
(marketing groups 1 and 2 were different for semimembranosus pH measures, but were not 
different for cooked yield; Lowe et al., 2016).  Cured ham L* and a* were not different among 
marketing groups, yet b* was greater in hams from pigs of the third marketing group compared 
with the first two (7.3% change with marketing group 1; 7.1% change with marketing group 2; 
Lowe et al., 2016).  Binding strength of the biceps femoris and semimembranosus was 
unaffected by marketing group (Lowe et al., 2016).  Marketing group had a significant impact on 
all ham composition measures (Lowe et al., 2016).  Hams from pigs of the third marketing group 
had a 9.3% greater protein fat-free estimates than marketing group 1 and a 8.5% greater protein 
fat-free estimate over marketing group 2 (Lowe et al., 2016).  This was likely the result of 
decreased pH in the ham, which would result in decreased water holding capacity.  Thus, the 
lower pH of hams in marketing group 3 resulted in less processor control of producing hams with 
the desired protein fat free-value.  Given, the protein-fat free value is the trait ham processors 
place economic value (due to the determination of labeling claims), hams from marketing group 
3 would be less desirable to commercial processors than marketing groups 1 and 2.  This is due 
to the fact that hams from marketing group 3 would not allow for the desired percent of brine 
retention compared with than hams from marketing groups 1 and 2.  
Lowe et al. (2016) also reported fresh belly characteristics were affected by marketing 
group.  Bellies of the second marketing group were 1.2% longer than those of the third marketing 
group and bellies of the third marketing group were 1.2% longer than bellies from pigs of the 
first marketing group (Lowe et al., 2016).  Pigs marketed in group one produced wider bellies 
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than the later marketing groups, with pigs of the last marketing group having the narrowest belles 
of all marketing groups.  However, pigs from the second marketing group had thicker bellies 
than marketing groups one and two which were not different from each other (Lowe et al., 2016).  
Flop distance was the narrowest (indicated the least firm) in marketing group one and the 
greatest (P < 0.0001) in marketing group three, indicating firmer bellies were associated with 
later marketing groups (Lowe et al., 2016).  Results of Brewer et al. (1995) reported a significant 
correlation among belly thickness and cooked weight (r = 0.67) and belly width and cooked 
weight (r = 0.55).  Thus, pigs from marketing group 1 had the widest bellies and pigs from 
marketing groups 1 and 3 had thicker bellies than those from marketing group 2 it would be 
expected pigs from marketing group 1 would have the bellies with the heaviest cooked weight.  
However, that was not the result, as cooked weight was less in marketing group 1 than the other 
marketing groups (Lowe et al., 2016).  This was the result of pigs from marketing group 1 having 
a lighter green weight than marketing group 2 (Lowe et al., 2016).  This portion of data would 
agree with results of Brewer et al. (1995) whom reported a correlation coefficient of 0.77 
between raw weight and cooked weight.  Ultimately, cooked yield was on average 1.1% greater 
in marketing group 3 than the other marketing groups (Lowe et al., 2016).  These statistical 
differences did not translate into differences as slicing yields from number 1 grade slices (slice 
profile thickness of > 1.9 cm and cutaneous trunci greater than 50% of the width of the slice; 
Person et al., 2005); and number 2 grade slices (slice profile thickness < 1.9 cm and cutaneous 
trunci less than 50% of the width of the slice; Person et al., 2005), as well as yields of ends and 
pieces did not differ due to marketing group.  Although there was no difference in slicing yield 
of number 1 and number 2 slices, bellies from pigs of marketing groups 2 and 3 had bellies 
which produced more pounds of salable bacon than bellies of pigs from marketing group 1.  
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Given this, bellies of pigs of marketing group 1 are poorer quality and lower value than the other 
marketing groups. 
Carcass Chilling 
The main types of carcass chilling are: spray chilling, delayed chilling, and rapid/blast 
chilling (Savell et al., 2005).  Specifically, spray chilling is a processes in which water is applied 
to the carcasses during early postmortem cooling (evaporative cooling), thereby reducing carcass 
shrink (Savell et al., 2005).  Blast chilling is a method to rapidly chill carcasses using cold 
ambient temperatures.  Commercial processing facilities do not use a uniform blast chill 
temperature, however Shackelford et al. (2012a) reported blast chilling temperatures of two 
commercial processing facilities; at their lowest ambient temperature, the blast chillers were at 
approximately - 23 °C and -30 °C.  Delayed chilling is defined as the holding of a carcass at an 
ambient temperature of 15.6 °C to 21.1 °C for 2 to 4 hours after slaughter (Romans et al., 2001). 
Shackelford et al. (2012a) compared chilling methods in three commercial processing 
facilities (A – carbon dioxide stunning and spray chill, B – carbon dioxide stunning and blast 
chilling, C – electrical stunning and blast chill).  It was concluded differences in carcass chilling 
method impacted pork loin tenderness; both commercial processing facilities using blast chilling 
had greater loin slice shear force after 15 d of aging (Shackelford et al., 2012a).  Research 
comparing pork sides chilled either conventionally or by blast chilling within a single carcass 
reported an increased loin pH in blast chilled sides at 4 h, 22 h, and 30 h postmortem; however 
there was not a difference in pH of loin at 10 days postmortem (Blakely et al., 2015).  Further, 
ultimate pH of psoas major, triceps brachii and semimembranosus were not different due to 
chilling technique (Blakely et al., 2015).  Warner-Bratzler shear force (after 10 d aging time) of 
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the LM was greater in blast chilled carcasses compared with conventionally chilled carcasses, 
but there was no difference between marbling or color scores, instrumental color, star probe, or 
sensory measures (juiciness, tenderness, chewiness, flavor, and off-flavor; Blakely et al., 2015).  
Springer et al. (2003), compared conventional chilling (2 °C ambient temperature) to blast 
chilling (-32 °C) for 60, 90, 120, or 150 minutes on pork loins and hams.  Springer et al. (2003) 
concluded that Warner-Bratzler shear force was not different due to chilling treatment for either 
the loin or the ham.  Furthermore in the loin, there were no differences due to chilling treatment 
on sensory juiciness, tenderness, flavor, mouthfeel, or chop cooking loss (Springer et al., 2003).  
Their difference in ham initial juiciness between chilling methods; hams which were blast chilled 
for 120 min had a lower initial juiciness score than hams accelerated chilled for 60 or 150 min 
(Springer et al., 2003). However, no other differences were reported for ham sensory 
characteristics (sustained juiciness, initial and sustained tenderness, initial and sustained flavor, 
and mouthfeel).  Overall data indicated that blast chilling results in tougher loins than 
conventional chilling (Blakely, 2015; Shackelford et al., 2012a).  However, results of Springer et 
al. (2003) do not support this conclusion.  Furthermore, chilling type and time in the blast chiller 
has little effect on loin (Blakey, 2015; Springer et al., 2003) and ham (Springer et al., 2003) 
sensory quality. 
PORK QUALITY 
Loin Export Quality 
In its most rudimentary form, pork quality is determined by muscle firmness, muscle 
color, and amount of intramuscular fat, the criteria by which pork loin export decisions to high 
quality export markets are based (Johnson, 2008).  These three components of quality are easily 
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evaluated by trained personnel and are manageable criteria to sort loins online (> 1,000 carcasses 
per hour; >2,000 loins per hour).  In-depth evaluations of pork quality are often conducted on the 
cut surface of the loin, which is unfeasible in a plant setting where whole muscle integrity must 
be maintained for export of the product.   
Firmness. Of all export selection criteria (firmness, color, and marbling), firmness is the 
least characterized.  Studies have correlated firmness to pork quality traits (Table 1.1; for the 
purposes of this review correlations will be considered as weak relationships if r ≤ |0.35|, 
moderate relationships if r = |0.36| through |0.67|, or strong relationships if r ≥ |0.68|; Taylor, 
1990), but firmness was not the emphasis of these experiments.  Huff-Lonergan et al. (2002) 
reported significant positive correlations between firmness and pH at 24 h (r = 0.20) and 48 h (r 
= 0.21).  Furthermore, Boler et al. (2010) reported significant weak, positive correlations 
between firmness and pH at 3 h and 24 h postmortem (r = 0.17) but not at 45 min postmortem.  
The results of both of these studies indicate pork loin firmness is weakly correlated with ultimate 
pH.  Increased pH results in swelling of the myofibril (Huff-Lonergan and Lonergan, 2005) 
likely resulting in a firmer pork loin.  This is the hypothesized mechanism driving the 
relationship between pH and firmness (Huff-Lonergan et al., 2010).  Therefore, it is unsurprising 
that loss of water in a pork loin resulted in negative correlations observed between purge loss and 
cooking loss with firmness (Huff-Lonergan et al., 2002; Boler et al., 2010).  Specifically, Huff-
Lonergan et al. (2002) reported an r = -0.25 among firmness and drip loss (72 h), and an r = -
0.12 among firmness and cook loss.  Boler et al. (2010) reported a r = -0.10 among firmness and 
21 day purge loss, as well as, a r = -0.22 among firmness and cooking loss.  Firmness is also 
negatively correlated with mechanical tenderness measures (Huff-Lonergan et al., 2002; Boler et 
al., 2010) indicating increased firmness will result in a more tender product.  This result is in line 
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with the previous discussion regarding increased pH and swelling of the myofibril.  At the 
isoelectric point of myosin (pI = 5.4), the net charge on proteins in the muscle is zero, therefore 
proteins do not bind to water molecules (Huff-Lonergan and Lonergan, 2005).  As, the pH of the 
pork loin moves away from the isoelectric point, more water binds to protein and therefore, 
water holding capacity is increased.  Cooking pork causes a thermal-denaturation of proteins and 
therefore a decrease in water holding capacity (Hughes et al., 2014).  It is the loss of water 
resulting in increased stiffness and hardness of the cooked product (Hughes et al., 2014).  Thus, 
building on the aforementioned hypothesis that the relationship between pH and firmness is due 
to myofibrillar swelling caused by water, it stands to reason firmer loins have a greater water 
holding capacity and therefore are more tender.  Huff-Lonergan et al. (2002) reported as firmness 
increased, sensory tenderness and flavor also increased while off flavor was reduced.  The 
sensory tenderness results of Huff-Lonergan et al. (2002) agree with a study of 403 pork loins by 
Davis et al. (1975) which reported weak correlation coefficients (between 0.12 to 0.28) at 5 
locations across the pork loin.  However, juiciness results do not agree between the two studies; 
Huff-Lonergan et al. (2002) reported no relationship (P = 0.09; r = 0.07) between juiciness and 
firmness, however, Davis et al. (1975) observed significant correlations ranging from 0.31 to 
0.43.  Finally, in the Davis et al. (1975) study only firmness at the blade end of the loin was 
significantly correlated with pork flavor.  These results indicate that, in a general population of 
pork loins, there is a potential for firmness score to be weakly correlated with sensory 
characteristics.   
 Realizing no objective firmness measure was being used to evaluate firmness in industry, 
Rincker et al. (2007) used compression testing to develop regression equations for predicting 





0.54) this measure of firmness did not allow maintenance of the integrity of the whole muscle 
necessary for loins destined for export.  The durometer is a tool which has the potential to 
measure product firmness and maintaining whole muscle integrity.  Typically used in the plastic 
and rubber industries, a durometer measures hardness of an object on a scale of 0 to 100 
durometer units.  Low durometer readings indicate a product which is soft, and high durometer 
readings indicate a product is hard.   Use of a durometer to evaluate firmness of adipose tissue in 
bellies successfully accounted for approximately 13% of the variability in bacon slicing yield 
(Seman et al., 2013).  Literature regarding the application of a durometer on lean muscle tissue 
are not readily available, yet it is hypothesized use of a durometer in fresh loins will predict 
variation in fresh loin quality. 
Color. Consumers have demonstrated the ability to detect differences among pork of 
different quality standards (PSE, DFD, and Normal) and very clearly discriminate against pork 
which was “very light pink” (Brewer and McKeith, 1999).  Further, consumers have indicated 
they prefer to purchase pork which is more wet in appearance and more intensely pink than dry, 
pale pork (Brewer and McKeith, 1999).  Due to this clear consumer discrimination/refusal to 
purchase products based on poor color, online color measures in the plant are integral in 
determining product quality.  Color is typically observed in a commercial processing plant within 
five minutes of removing the vertebrae and back ribs. Color determination at this time has not 
allowed for complete myoglobin oxygenation, or bloom.  Although bloom time does not affect 
L* values, increasing bloom time does increase a* and b* values (Brewer et al., 2001a).  What is 
not clear in the literature is the effect of bloom time on color measures after loins have been 
vacuum-packaged and aged for export. 
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 Fresh lean color has been used as an indicator of lean quality due to its close relationship 
with many meat quality and sensory parameters (Table 1.2).  Color score is moderately 
correlated (r = 0.30 to 0.50) with ultimate (24 h) pH in a positive manner (Huff-Lonergan et al., 
2002; Boler et al., 2010) indicating that in general, a greater pH is associated with a darker color.  
This relationship can be explained by the effect of pH on WHC and the effect of WHC on color. 
The dipole nature of the water molecule allows for its attraction to proteins.  At pH near the 
isoelectric point of myosin (~5.4), the net charge of proteins is zero leading to a reduction of 
water that can be held and attracted by myosin (Huff-Lonergan and Lonergan, 2005).  With 
normal ultimate pH of pork at approximately 5.6 (Wright et al., 2003) as pH is reduced within 
and below this range the [H+] is increased, therefore, the net attraction on myosin moves closer 
to a net of zero and water is lost.  This migration of water to the outer surface of the loin results 
in increased reflectance from the pork loin, and therefore results in a paler color.  With this 
information, it is logical that ultimate pH explained 79% of the variation in subjective color, with 
positive relationship between color score and pH (Bidner et al., 2004).  It is unsurprising that as a 
numerical increase in subjective color score was observed, a decrease in purge loss was observed 
(Huff-Lonergan et al., 2002; Nam et al., 2009; Boler et al., 2010) and that a numerical increase in 
L* value was moderately, positively correlated with purge loss (r = 0.33; Huff-Lonergan et al., 
2002).  Overall, previous literature suggests that as we increase color score towards darker pork a 
pork chop should be more tender (Huff-Lonergan et al., 2002; Boler et al., 2010).  However, not 
all literature agrees with this conclusion.  Nam et al. (2009) reported a significant, positive 
correlation between Warner-Bratzler shear force and color score.  Further, Davis et al. (1975) 
concluded that the correlation between tenderness and color score was only weakly significant at 
the 10th rib, but not at any other locations in the loin.  The correlation between mechanical 
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tenderness and objective L* a* b* values is not as well reported.  Huff-Lonergan et al. (2002) 
offers data to support their conclusion that darker colored pork is more tender, yet research by 
Norman et al. (2003) suggested no correlation between L* and WBSF.  Norman et al. (2003) did 
however report significant, negative correlations between WBSF and a* and b* values.  Due to 
the nature of consumers to select/discriminate against pork loin chops based on color (Brewer 
and McKeith, 1999), the evaluation of the correlations between sensory characteristics and color 
is of importance (Table 1.2).   Objective L* values were reported to be weakly correlated with 
sensory tenderness both positively (Nam et al., 2009; r = 0.24) and negatively (Huff-Lonergan et 
al., 2002; r = -0.15).  While Nam et al. (2009) does highlight that there is wide disagreement on 
the effect of mechanical tenderness measures, and therefore likely sensory tenderness measures, 
the authors do not suggest a hypothesis as to why this occurs.  Potential differences could be 
attributed to differences in the overall populations used in the two projects: pork used by Nam et 
al. (2009) was overall poorer in quality, having a 0.96 unit paler color score and a 2.03 unit lesser 
marbling score than pork used by Huff-Lonergan et al. (2002).  Even though the data presented is 
contradictory, these studies indicate that variability in L* value accounts for 5.8% (Huff-
Lonergan et al., 2002) and 2.3% (Nam et al., 2009) of the variation in sensory tenderness.  
Therefore, this relationship does not have economic significance and instrumental L* value 
should not be used to indicate tenderness of a pork loin.  Non-significance (P ≥ 0.05) was 
reported in correlations between sensory juiciness and color score, L*, and b* (Nam et al., 2009).  
Sensory juiciness did correlate (P < 0.05) inversely with a* value (Nam et al., 2009; r = -0.19).  
Disagreement was also evident in regards to color correlations with sensory flavor and off-flavor.  
Huff-Lonergan et al. (2002) reported a very weak correlation between sensory flavor and color 
score. Conversely Davis et al. (1975) reported a non-significant correlation between sensory 
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flavor and color score.  Further, a negative correlation between color score and sensory off-flavor 
existed in the study by Huff-Lonergan et al. (2002) which is in line with correlations between L* 
and pork flavor of data collected in the same study.  Non-significant correlations were presented 
between flavor scores and a* and b* by Nam et al. (2009).  While color can be used by both the 
pork processor and the consumer as an overall indicator of quality, they must be cautioned that 
there is disagreement in the literature on the relationship between color and sensory traits and 
multiple quality determination criteria should be used when selecting product to export or 
purchase. 
Marbling. Intramuscular lipid (marbling) is associated with sensory quality, specifically 
juiciness and tenderness.  Disagreement exists in the literature in regards to the effect of 
marbling on juiciness. Some results have suggested that increased marbling result in increased 
juiciness (Fernandez et al., 1999; Brewer et al., 2001b; Cannata et al., 2010).  Further, 
moderately strong, positive correlations were reported between marbling and sensory juiciness 
by Davis et al. (1975; Table 1.3). However a non-significant relationship of these marbling and 
sensory juiciness was reported by Huff-Lonergan et al. (2002).  This result makes sense given 
the pH measures of the Huff-Lonergan et al. (2002) study (pH = 5.83 ± 0.19) the results of 
previous literature that concluded marbling did not affect sensory juiciness when pH levels were 
similar (Lonergan et al., 2007; Rincker et al., 2008).  Lonergan et al. (2007), gathered this 
conclusion from a range of pH values (5.05 to 6.68) and genetic backgrounds.  Conversely, 
Rincker et al. (2008), targeted pH values between 5.48 and 5.79 from a single genetic source 
which was known to have superior meat quality.  Even given the pH range used in the study by 
Lonergan et al. (2007), a wider range is present in modern U.S. pork.  Specifically, Klinkner 
(2013) reported a range in ultimate pH of pork chops in grocery stores across the U.S. from 4.60 
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to 7.20.  Sensory juiciness values at the extremes of this pH values range are unknown.  Similar 
to juiciness, disagreement exists on the impact of marbling on tenderness.  When genetics, pH, 
and day of slaughter are accounted for, extractable lipid does not relate well (R
2
 ≤ 0.04) with 
perceived sensory juiciness (Rincker et al., 2008).  Others suggest that an increased amount of 
marbling in a pork chop is related to an increase in tenderness (Harrington and Pearson, 1962; 
Hodgson et al., 1991; Huff-Lonergan et al., 2002; Table 1.3).  In Japanese Black cattle, 
intramuscular fat improved tenderness by weakening the structures of intramuscular collagen 
(Nishimura et al., 1999).  This is the result of adipose tissue forming between muscle fiber 
bundles and breaking the honeycomb structure of the endomysium, as well as, separating the 
perimysium into thinner collagen fibers (Nishimura et al., 1999).  Nishimura et al. (1999) 
determined that tenderness was improved when intramuscular lipid was 8% or greater.  The 
majority of U.S. pork does not reach 8% intramuscular lipid or a marbling score of 8 (Wright et 
al., 2003; Klinkner, 2013).  In the most recent National Retail Pork Benchmarking study, over 
50% of pork chops evaluated categorized as marbling scores 2 and 3 (Klinkner, 2013).  
Therefore, it is unlikely that marbling percentages of pork chops account for a large proportion 
of the variation in tenderness.  This conclusion is supported by research in beef which observed 
that no greater than 5% of the variation in palatability traits could be explained by marbling 
(Wheeler et al.1994).  Given that only weak to moderate correlations exist between marbling and 
sensory characteristics (Table 1.3), marbling as a tool to determine pork quality is most effective 
when used in combination with other quality characteristics (Hodgson et al. 1991). 
Tenderness 
An objective online method to measure pork loin tenderness is currently being evaluated 
in commercial pork settings.  Near-infrared spectroscopy (NIR) was used as early as 1968 to 
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measure adipose and moisture contents of meat emulsions (Ben-Gera and Norris, 1968).  In the 
early 1990s, NIR was used as a method to determine physical and chemical characteristics of 
beef (Mitsumoto et al., 1991).  Specifically, correlation coefficients were reported between NIR 
values and Warner-Bratzler shear force values (r = 0.798 to 0.826), as well as proximate 
composition values (protein, r = 0.822 to 0.904; fat, r = 0.890 to 0.965; moisture, r = 0.899 to 
0.941; and energy content, r = 0.899 to 0.961; Mitsumoto et al., 1991).  Visible and near-infrared 
spectroscopy (VISNIR) protocols for use in beef carcasses were published by Shackelford et al. 
(2004).  These methods were then used to evaluate beef with the focus of sorting U.S. Select 
grade carcasses on tenderness (Shackelford et al., 2005).  Predicted slice shear force accounted 
for 22% of the variation in observed slice shear forces of the prediction data set (Shackelford et 
al., 2005).  A 2007 study developed a VISNIR fiber optical probe to characterize beef muscles 
(Xia et al., 2007).  It was concluded that a higher scattering coefficient was associated with a 
greater Warner-Bratzler shear force; a coefficient of determination of 0.59 was reported between 
the scattering coefficient and instrumental tenderness. In 2012, Shackelford et al. (2012c) 
validated the beef tenderness model published in 2004 and conducted a field study of this 
technology in beef commercial plants (Shackelford et al., 2012b).  This field study resulted in 1) 
the development of a regression equation for tenderness which was not biased by bloom time, 
and 2) it allowed for an evaluation of the VISNIR system of U.S. Choice grade beef (Shackelford 
et al., 2012b), as opposed to previous studies which had been confined to U.S. Select grade beef.   
Shackelford et al. (2011) concluded that the VISNIR technology could be used to classify 
pork loins online in the plant without damaging the whole muscle integrity of the loin.  In this 
study, pork with a slice shear force of less than 14.0 kg was considered tender and any pork with 
a slice shear force above this threshold was classified as tough.  The VISNIR technology was 
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able to correctly classify 61.9% and 60.9% of the loins with a tender classification in the 
calibration and prediction data set, respectively (Shackelford et al., 2011).  Further, on the 
ventral side of the whole loin, this technology was observed to accurately predict marbling in the 
loin (R
2
 = 0.62, calibration data set; R
2
 = 0.63, prediction data set; Shackelford et al., 2011).  
King et al. (2011) determined that VISNIR measures were an effective technology to sort pork 
loins on lean color stability.  Specifically, using an in-plant model to predict lean color stability 
of pork, it was concluded that the model created in this study was able to sort loins into labile 
and stable categories effectively.  Principle component 1 [PC1; accounted for 67% of the 
variation in initial and final color variables; most closely related to color variables determined on 
14 d of display (hue, L*, ∆E, and a* values)] was used for the regression analysis in this study; a 
PC1 of 0 was used to sort pork loins into stable (< 0) and labile (> 0) color categories (King et 
al., 2011). 
Adipose Tissue Quality 
As reviewed by Wood et al. (2003), fatty acids are involved in the technological aspects 
of meat quality.  Specifically, differing melting points of fatty acids drive differences in firmness 
of adipose tissue in subcutaneous and intramuscular deposits (Wood et al., 2003).  Further, lipids 
with a greater melting point will appear more white in color (Wood et al., 2003).  Fatty acid 
composition also plays and integral role in the shelf life of a meat product; increased 
unsaturation within a fatty acids encourages rapid oxidation and therefore rancidity and color 
deterioration within the meat (Wood et al, 2003). 
 In pork subcutaneous adipose tissue iodine value (IV) is the commonly used method for 
measurement of adipose tissue quality.  Iodine value is classically defined as the grams of iodine 
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that can be taken up by 100 grams of a particular lipid.  In academic settings, IV is often 
predicted from a lipid sample’s fatty acid methyl ester profile using a regression equation.  The 
most common regression equation is AOCS (1998): % C16:1 (0.95) + % C18:1 (0.86) + % 
C18:2 (1.732) + % C18:3 (2.616) + % C20:1 (0.785) + C22:1 (0.723).  Another common 
regression equation, which incorporates additional long chain fatty acids, is Meadus et al. (2010): 
% C16:1 (0.95) + % C18:1 (0.86) + % C18:2 (1.732) + % C18:3 (2.616) + % C20:1 (0.795) + % 
C20:2 (1.57) + % C20:3 (2.38) + % C20:4 (3.19) + % C20:5 (4.01) + % C22:4 (2.93) + % C22:5 
(3.68) + % C22:6 (4.64).  Execution of the processes required to determine IV using these 
regression equations is relatively time intensive, and therefore not highly applicable to modern 
U.S. commercial processing facilities. Therefore, near-infrared (NIR) technologies are becoming 
widely used in the U.S. pork industry.  Specifically, the Bruker, NIR, is a rapid in-lab 
identification, requiring no sample preparation (Bruker, 2016).  The NitFom is a technology that 
uses NIR technology to collect IV at line speeds of up to 1,200 pigs per hour (Carometec, 2016).  
Research by Goehring et al. (2015) evaluated both Bruker and NitFom measures to exclude those 
samples which were not similar for the study.  However, to the author’s knowledge, no peer 
reviewed information exists discussing the relationship of the two NIR measures. 
 Location within the carcass has an impact on IV.  Within pigs fed a high energy diet 
(3,537 ME/kg) and no ractopamine, there was not a significant correlation between IVs of belly 
or intramuscular adipose tissue depots (Wiegand et al., 2011).  There was a correlation between 
jowl and belly depots (r = -0.67; Wiegand et al., 2011).  However, jowl and subcutaneous 
adipose tissue measures were not correlated with each other.  In the same study, for a medium 
energy diet (3,369 ME/kg) the only significant correlation between belly, subcutaneous, and 
intramuscular adipose tissue depots was between intramuscular and belly adipose tissue (r = 
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0.67).  When fed a low energy diet (3,317 ME/kg), there were no significant correlations of IV 
between the belly, subcutaneous, or intramuscular adipose tissue depots (Wiegand et al., 2011).  
Thus, it can be concluded that not only to production factors/management practices contribute to 
variability in pork quality, but location on which IV is measured with the carcass could 
potentially lead to variation as well. 
PORK QUALITY BENCHMARKS 
Pork quality and composition are dynamic in nature and have changed over time.  In 
1992, Cannon et al. (1996) conducted a national benchmarking audit.  At this time, the mean 
parameters of pigs slaughtered in the U.S. were as follows: 111.2 kg live weight, 73.4% dressing 
percentage, 27.5 mm backfat thickness, 49.5% carcass muscle, 9.9 kg ham weight, 7.8 kg loin 
weight, 2.8 kg Boston butt weight, and 6.7 kg belly weight (Cannon et al., 1996).  A similar 
study conducted in 2002 reported that since 1992 there was a 4.0% increase in live weight to 
116.0 kg concurrent with a 36% reduction in backfat depth to 17.6 mm (Stetzer and McKeith, 
2003).  Focus on increased lean animal growth and efficiency were likely the driving factors 
behind these changes.  Further, pigs in 2002 were reported to have  a 12% increase in carcass 
muscle percent (55.5%), 19% increase in ham weight (11.8 kg), a 1% increase in belly weight 
(68 kg) and an 18% increase in loin weight (9.5 kg), a 4% reduction in Boston butt weight (2.7 
kg; Stetzer and McKeith, 2003).  Of concern to meat quality research is the 5.3 percentage unit 
increase in the percent of pale, soft, and exudative (PSE) pork from 1992 (Cannon et al., 1996) to 
2002 (Stetzer and McKeith, 2003). 
 Pork quality audits from 2002 (Wright et al., 2003) and 2012 (Klinkner, 2013) focused on 
the quality of products in a retail scenario.  Loins from 2002 had a mean pH of 5.64 ± 0.26, mean 
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L* value of 48.07 ± 5.59, and a mean shear force of 2.96 ± 0.77 kg (Wright et al., 2003).  
Research conducted by Klinkner (2013) evaluated over twice the total number of pork chops and 
found that when including both enhanced and non-enhanced pork in the population, mean values 
of pH are 4% greater (5.87), mean L* values are 13.0% greater (55.30), and 20% more tender 
(2.38 kg WBSF) than the pork population in 2002.  These data further illustrate the dynamic 
nature of pork quality over time.   
OVERALL CONCLUSIONS 
A variety of factors play/have the potential to play a role in variation of pork quality 
traits.  The traits discussed in this review are not an exhaustive list, but do indicate that modern 
production practice can contribute to overall variation in traits such as pork color and tenderness.  
This variation is an important part of the discussion of pork quality.  Specifically, it needs to be 
determined if variation in current on-line pork quality measures in commercial pork processing 
facilities account for variation in sensory characteristics.  Furthermore, if a pork quality grading 
system is to be established, a firm understanding of the variation in pork primal quality must be 
established.  However, the development of a whole carcass quality grading system is contingent 
on the quality of pork primals being highly related to each other.  Therefore, it is imperative 
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7 0.34  - - 0.41 0.31 -0.01 -0.22 -0.14  - -   - -   - -   - -  
1
 Adapted from Davis et al. (1975), Huff-Lonergan et al. (2002),and Boler et al. (2010); P ≤ 0.05 for all reported values. 
2 
Trait was measured at 21 d postmortem in Boler et al. (2010) study and 5 d postmortem in Huff-Lonergan et al. (2002) study. 
3
 Trait was measured by WBSF in Boler et al. (2010) study and star probe in Huff-Lonergan et al. (2002) study. 
4
 Sensory scales were anchored with a low degree of each respective trait as a low value and a high degree of each respective trait as a 
high value. 
5 
Davis et al. (1975) measured evaluated firmness measures across the loin including: sirloin end, fifth lumbar vertebra, last rib, 10
th
 
rib, and blade end.  The ranges of correlation coefficients of these locations are presented in the table. 
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7
 – 0.11 0.31-0.38 NS - - 
Huff-Lonergan et 
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L* Value 
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1
 Adapted from Davis et al. (1975), Huff-Lonergan et al. (2002), Norman et al. (2003), Nam et al. (2009), and Boler et al. (2010). 
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Trait was measured at 21 d postmortem in Boler et al. (2010) study and 5 d postmortem in Huff-Lonergan et al. (2002) study. 
3
 Star Probe was used in the Huff-Lonergan et al. (2002) study, WBSF was used in all others. 
4
 Sensory scales were anchored with a low degree of each respective trait as a low value and a high degree of each respective trait as a 
high value. 
5 
Davis et al. (1975) measured evaluated firmness measures across the loin including: sirloin end, fifth lumbar vertebra, last rib, 10
th
 
rib, and blade end.  The ranges of correlation coefficients of these locations are presented in the table. 
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2
Trait was measured at 21 d postmortem in Boler et al. (2010) study and 5 d postmortem in Huff-Lonergan et al. (2002) study 
3
 Trait was measured by WBSF in Boler et al. (2010) study and star probe in Huff-Lonergan et al. (2002) study 
4
 Sensory scales were anchored with a low degree of each respective trait as a low value and a high degree of each respective trait as a 
high value. 
5 
Davis et al. (1975) measured evaluated firmness measures across the loin including: sirloin end, fifth lumbar vertebra, last rib, 10
th
 
rib, and blade end.  The ranges of correlation coefficients of these locations are presented in the table. 
6











CORRELATION OF FRESH MUSCLE FIRMNESS WITH SENSORY 
CHARACTERISTICS OF PORK LOINS DESTINED FOR A QUALITY FOCUSED 
MARKET 
ABSTRACT 
Production of pork for quality driven export markets offers economic incentive.  Pork processors 
use subjective firmness as a sorting tool for loins intended for high-quality export.  The 
objectives of this study were to determine: 1) durometer efficacy in muscle, 2) if firmness on one 
portion of the loin is indicative of other locations, 3) if 1 d firmness is related to export quality 
traits, and 4) if variation in firmness is explained by mechanistic measures. Subjective firmness 
scores (1 = extremely soft; 5 = extremely firm) were determined by a trained individual 1 d 
(initial time point) postmortem.  Loins (North American Meat Processors #414 Canadian back, N 
= 154) were wet aged for 28 d at 1.7°C.  On d 28, a panel of 4 individuals assigned firmness 
scores on the ventral side of the loin at the area of the 10
th
 rib, the anterior half, and the posterior 
half of the loin. Durometer readings were collected at the area of the 10
th
 rib on the dorsal and 
ventral side of the loin.  Spearman correlation coefficients were computed in SAS (v. 9.3) to 
account for non-normality of categorical data. Subjective firmness measures at d 28 at the 10
th
 
rib and on the anterior portion of the loin did not correlate (P ≥ 0.21) with whole loin durometer 
readings on the dorsal or ventral portion of the loin, nor the average of the whole loin values. 
Subjective firmness (d 28) at the 10
th
 rib accounted for 38.44% (r = 0.620) and 48.30% (r = 
0.695) of the variation in firmness at the anterior portion of the loin and the posterior portion of 
the loin, respectively (P ≤ 0.05). One d subjective firmness measures correlated with 28 d WBSF 





(P ≥ 0.08).  Purge tended to correlated with 1 d firmness (r = 0.136; P = 0.10), however drip  and 
cooking loss, 24 h and 28 d pH, and soluble and insoluble  collagen content were not correlated 
(P ≥ 0.34). Firmness measures collected in the production facility (1 d) negatively correlated 
with IV (r = -0.199; P = 0.02) yet no 28 d subject firmness measures were correlated with IV (P 
≥ 0.33). When loins not achieving export standards are removed from the population, 1 d 
firmness was not correlated to export quality or sensory characteristics (28 d). Differences in 
firmness were not explained by mechanistic measures.  Inconsistencies among subjective and 
objective firmness measures suggest the durometer may not be an appropriate way to determine 
firmness. 
INTRODUCTION 
 In 2014, Mexico imported the greatest amount of us pork (680,842 metric tons; U.S. 
$1.558 billion), while Japan was the largest importer of U.S. pork on a value basis 
(468,561metric tons; US $1.932 billion; Masker, 2015).  Japanese meat processors rank pork 
eating quality second only to food safety (Murphy et al., 2015).  Therefore, one challenge for 
U.S. pork processors seeking to export to high-quality markets like Japan is to determine eating 
quality of the product prior to shipping without harming the integrity of whole muscle products.   
 A variety of mechanical methods are available to predict quality (pH meter, colorimeter, 
etc.), but these methods are not a viable option at production speed (> 1000 pigs/h) in a U.S. 
production facility.  Consequently, many quality decisions for fresh loins are based on 
assessments of subjective color, marbling, and firmness by facility personnel.  Studies have 
evaluated the correlations of subjective firmness to other pork quality traits (Huff-Lonergan et 
al., 2002; Boler et al., 2010).  However, these studies have not focused on subjective firmness as 





mechanical firmness of muscle (Rincker et al., 2007) and adipose tissue (Seman et al., 2013).  
Seman et al. (2013) demonstrated that durometers are effective at evaluating tissue firmness in 
pork bellies, but less is known about the durometers efficacy in muscle tissue.  As such, little 
information exists regarding appropriateness of using loin firmness as a sorting tool to predict 
quality of exported loins.    
 Therefore, this study had four primary objectives: 1) to determine if durometer measures 
correlate with subjective firmness scores, and thus have potential efficacy in a commercial 
facility, 2) to determine if firmness at various anatomical locations throughout the loin is an 
accurate predictor of firmness in other loin locations, 3) to determine if firmness 1d postmortem 
is related to export quality traits, and 4) to determine if variation in firmness can be attributed to 
variability in mechanistic measures. Although correlations have been made between firmness 
and other quality traits, we hypothesize that by removing the lowest quality loins from a 
population of loins, variation in firmness will be reduced. Thus, in high-quality export loins, 
firmness is not an accurate indicator of pork quality and may not be the most appropriate way to 
select pork loins for export. 
MATERIALS AND METHODS 
 Postmortem samples were obtained from a federally inspected slaughter facility therefore 
no Institutional Animal Care and Use Committee approval was necessary. 
Processing Facility Data Collection 
 Loins (N = 154) selected for this experiment were derived from PIC337-sired pigs (PIC, 
Pig Improvement Company, Hendersonville, TN).  Hot carcass weight, backfat depth, and loin 
depth were measured after slaughter of the pigs using a Fat-O-Meater system (Fat-O-Meater 





calculated using a proprietary facility equation.   Carcasses were fabricated into primal cuts at 
approximately 24 h postmortem.  Boneless loins were evaluated for subjective quality measures 
online 1 d postmortem on the ventral surface of the loin after the backribs were removed.   Color 
was evaluated online approximately 3-5 min after backribs were removed using a 6-point 
Japanese color scale and a 6-point NPPC color scale (NPPC, 1999; 1 = pale pinkish grey to 
white, 6 = dark purplish red), marbling was evaluated using a 10 point scale (NPPC, 1999; 1 = 
1.0% intramuscular lipid, 10 = 10.0% intramuscular lipid), and firmness was evaluated using a 5 
point scale (NPPC, 1991; 1=soft; 5=very firm) through standard facility procedures of folding 
the whole loin.  Objective L*, a*, and b* measurements were collected using a Minolta CR400 
Colorimeter (C light source, 2˚ observer, 10-mm aperture; Konica Minolta, Ramsey, NJ).  
Ultimate pH was recorded using a MPI pH meter with glass tipped electrode (Meat Probes Inc., 
Topeka, KS), the probe was inserted at approximately the 10
th
 rib location on the boneless loin.  
Iodine value (IV) of jowl and belly adipose tissue was measured using microwave with 
convection (Kenmore Elite; Hoffman Estates, IL). Loins were individually packed in vacuum 
packaging and shipped under refrigeration to the University of Illinois Meat Science Laboratory 
(Urbana, IL). 
Aged Loin Evaluation 
 Loins arrived at the University of Illinois Meat Science Laboratory under refrigeration at 
1.7 ˚C.  Loins were aged, in vacuum-sealed packages, until 28 d postmortem at 4 ˚C to account 
for an estimated time it would take loins to arrive at their final export destination. Aged loins 
were weighed in their package and weighed after removal from their package. Dried package 





vacuum-packaged bags used in the study and subtracted from the packaged loin weight.  Purge 
loss was calculated as weight lost in purge as a percentage of packaged weight.  
Fresh Loin Firmness Measurements 
Loin flop distance was determined by placing the loin, ventral side down, on a bar and 
measuring the distance between the inside edges of both ends of the loin.  A trained panel (n=4) 
assigned firmness scores to whole loins on a scale of 1 to 5; with one being very soft and 5 being 
very firm (NPPC, 1991).  Aged (28 d) fresh loin firmness was evaluated at several location of the 
loin and on multiple, individual chops to gain an understanding of the variation on firmness 
throughout the loin.  Subjective firmness of the ventral side of the loin was assessed at three 
locations: mid-point (at approximately the 10
th
 rib), anterior (half the distance between the 10
th
 
rib and anterior end of the loin), and posterior (half the distance between the 10
th
 rib and 
posterior end of the loin).  Durometer measurements (objective firmness with greater numbers 
indicating a firmer product; DD-100-000-S with removable stainless steel barrel; Check-Line, 
Cedarhurst, NY) were determined at approximately the 10
th
 rib on both the dorsal and ventral 
sides of the loin with an approximate temperature of 4 °C.  Durometer measures on the ventral 
portion of the loin were evaluated on fresh muscle tissue and measures on the dorsal portion of 
the loin were evaluated on loins trimmed to the epimysium.  Dorsal and ventral durometer 
measures were averaged for a whole loin durometer firmness score.  Loins were trimmed to 
expose a fresh cut surface at approximately the 10
th
 rib, where the trained panel evaluated 
firmness on the cut surface.  Chops (2.54 cm thick) were cut and assigned to assays, Warner 
Bratzler shear force [WBSF], and sensory evaluation in a consistent order to minimize variation 
due to loin location among loins.  Subjective firmness and durometer readings were collected on 





further analyses. Additionally, 1.25 cm thick chops were collected for drip loss and 7.6 cm 
section was collected for intramuscular fat iodine values.    
Color, Marbling, and pH Measurements 
Objective and subjective color readings were collected on the cut surface of the loin 
immediately after facing the loin (pre-bloom) at approximately the 10
th
 rib.  Objective L*, a*, 
and b* measurements were collected using a Konica Minolta CR-400 colorimeter (Minolta 
Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm aperture).  Subjective 
color scores were assigned on a scale of 1 to 6 (NPPC, 1999), were 1 represented a pale pinkish-
grey color and 6 a dark purplish-red color.  Loins were then allowed to bloom (to allow for the 
conversion of deoxymyoglobin to oxymyoglobin) for at least 20 min, and color was measured 
again using the same protocol as above.  Subjective marbling scores were assigned to loins after 
the 20 min bloom time using a scale of 1 to 10 (NPPC, 1999), where 1 = 1.0% intramuscular 
lipid and 10 = 10.0% intramuscular lipid.   Ultimate pH was measured using a MPI pH meter 
(Meat Probes Inc., Topeka, KS; 2 point calibration at pH 4 and 7).  The pH probe was inserted 
on the cut surface towards the posterior end of the loin.  
Drip Loss 
 Chops cut 1.25 cm thick were used for determination of drip loss.  An initial weight was 
recorded, and chops were suspended in Whirl Pak bags (Nasco; Fort Atkinson, WI) for 24 h at 4 
˚C.  Final weight was collected after 24 h and drip loss was calculated as: [(initial weight – final 
weight) / initial weight] x 100. 





 Samples for WBSF were thawed at 4˚ C for 24 h.  Chops were trimmed of excess 
subcutaneous fat, weighed, and cooked to 70˚C on Faberware open hearth grills (Model 455 N, 
Walter Kiddie, Bronx, NY.  Internal temperatures were monitored using thermocouples (Type T, 
Omega Engineering, Stanford, CT) connected to a digital scanning thermometer (Model 92000-
00 Barnant Co., Barington, IL).  Chops were weighed after tempering to approximately room 
temperature and cook loss was calculated as: [(raw weight – cooked weight) / raw weight] x 100.  
After cooling to approximately 22 ˚C, six 1.25 cm cores were removed parallel to the orientation 
of muscle fibers and sheared using a Texture Analyzer TA.HD Plus (Texture Technologies 
Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK) with a blade speed of 3.3 mm/s and 
100 kg load cell capacity.  The average of the 6 cores were reported as WBSF values. 
Sensory Panel 
 Trained panelists (n=6) evaluated samples for tenderness, chewiness, juiciness, and off 
flavor.  Chops were trimmed of subcutaneous fat and cooked in the same manner as chops for 
WBSF.  No greater than 8 samples were served per panel; allotment of chops to panel was 
random.  Two cubes (1 cm x 1 cm x 2.54 cm) were served to each panelist under red lighting.  A 
15 cm anchored scale was used with a low degree of each trait on the left side of the scale (0) 
and a high degree of each trait on the right side (15; Smith et al., 2011; Arkfeld et al., 2015). 
Proximate Composition 
 Chops for proximate composition were thawed, trimmed of subcutaneous fat, and 
homogenized in a food processor (Cuisinart, East Windsor, NJ).  Methods were followed as 
described by Novakofski et al. (1989).  Briefly, moisture and extractible lipid analyses were 





azeotropic mixture of warm chloroform:methanol.  Protein concentrations were determined by 
measuring N content using the combustion method (method 990.03; AOAC International, 2000; 
model TruMac; LECO Corp., St. Joseph, MI). 
Soluble and Insoluble Collagen Content 
 Chops for collagen determination were trimmed of external fat, frozen in liquid nitrogen, 
and then ground to a powder using a blender (Waring Commercial Blender Model HGB2WT53, 
Stamford, CT).  Soluble and insoluble collagen content procedures were adapted from protocol 
outlined by Hill (1966).  Duplicate 3.0 gram samples were weighed into 50 mL polyethylene 
tubes, 16 mL of ¼ strength Ringer’s solution was added.  Samples were placed in a 77 ºC water 
bath for 70 min, with samples shaken every 10 min.  Next, samples were centrifuged at 5200 x g 
for 10 min ~25°C and the soluble fraction was decanted into a flask labeled soluble fraction 
through filter paper (Qualitative P8, 15.0 cm diameter, Fisher Scientific, Pittsburgh, PA).  Eight 
mL of ¼ strength Ringer’s solution was added to the remaining sample in the polyethylene tube 
and sample was centrifuged and decanted in the same manner.  Sample remaining in the tube 
(insoluble fraction) was removed using a metal spatula into a flask labeled as insoluble fraction.  
One-half of an extra low lint task wipe (Kimwipe EX-L, Kimberly-Clark; Dallas, TX) was used 
to remove any remaining insoluble fraction from the polyethylene tube.  The Kimwipe and filter 
paper used to decant the soluble fraction were placed in the insoluble flask for their respective 
sample.  Twenty-five mL of 6 N HCl were added to each flask and the flasks were placed in a 
110 ºC oven for at least 12 h.  After 12 h 1.0 gram of charcoal was added to the flask, flask was 
shaken, and then contents were filtered through filter paper (Whatman 2, 150 mm, Sigma-
Aldrich, St. Louis, MO).  The pH of each sample was buffered to 6.0 ± 0.1 and samples were 





of isopropanol and vortexed. One mL of oxidant solution (1 volume chloramine T to 4 volumes 
of acetate citrate buffer) was added to each sample and vortexed.  Exactly 4 min later, 4 mL of 
Elrich’s solution (15.8% dimethylaminobenzoaldehyde·HCl4 and 84.2% isopropanol) was added 
to the sample and vortexed.  Samples were placed in a 60 ºC water bath for 25 min, and then a 
cool water bath for 5 min.  Two hundred µl of each tube was plated along with hydroxyproline 
standards of 0, 4, 8, 12, 16, 20, 24, 28, 32, and 36 µg/mL prepared in the same manner as 
samples.  Plates were read at an absorbance of 558 nm, and collagen content was determined as 
[(µg/mL) (dilution factor) (constant)] / [sample weight x 1000], with constants of 7.52 and 7.25 
for soluble and insoluble samples, respectively.  
Intramuscular Fat Iodine Value 
 Intramuscular lipid was extracted from muscle tissue using the procedure of Folch et al. 
(1957).  Fatty acid methyl esters (FAME) were converted from lipid using the American Oil 
Chemists’ Society method C3 2-66 (AOCS, 1998).  The resulting FAME were analyzed using a 
gas chromatograph (Hewlett Packard 5890 series II) equipped with and auto-sampler and a DB-
wax capillary column (30m x 0.25mm x 0.25µm film coating; Agilent Technologies, Santa 
Clara, CA).  The equipment was operated under constant pressure (1.30 kg/cm
2
) using helium as 
the carrier gas and a 100:1 split ratio.  Temperature of the injector was held constant at 250 ºC 
and temperature of the flame-ionization detector was held at 260 ºC.  The oven was operated at 
170 ºC for 2 min and then increased 2 ºC per min up to 240 ºC when this temperature was 
maintained for 8 min.  Chromatographs were integrated using Agilent Chemstation Software for 
gas Chromatographs systems (Version B.01.02, Agilent Technologies, Inc.).  Peaks were 
identified using a gas chromatograph reference standard (GLC 461 A, Nu-check-prep, Elysian, 





percentage of the total area.  Iodine values were calculated using fatty acid profile data with the 
following AOCS (1998) equation: IV = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 
(2.616) + C20:1 (0.785) + C22:1 (0.785). 
Statistical Analysis  
 Data were analyzed using the correlation procedure of SAS (v. 9.3, SAS Institute Inc., 
Cary, NC).  There were 154 replications in this study. Spearman correlation coefficients were 
used to account for the non-normality of categorical firmness data.  Percent variation accounted 
for by firmness scores was calculated as the correlation coefficient (r), raised to the second 
power and multiplied by 100 (r
2
 * 100).  Relationships were considered statistically significant at 
the P ≤ 0.05 level, and trending at the P > 0.05 to P ≤ 0.10 level. 
RESULTS AND DISCUSSION 
Loins used in the study were representative loins selected for export in regards to 1 d color 
(range 2.5-4), marbling (range 1-3), and firmness (range 2-5; Table 2.1).  Although carcass 
weight of the current population was similar to previous work investigating pork quality 
correlations by Huff-Lonergan et al. (2002), carcasses from pigs of the current population had 
approximately 15 mm less fat over the 10
th
 rib. Further, subjective color and firmness scores 
(both 1 d postmortem) were similar in both populations, but the mean marbling score was 1.85 
units greater and pH was 0.21 units greater in the Berkshire x Yorkshire F1 population used by 
Huff-Lonergan et al. (2002).  Due to differences in sensory scales used between the two projects 
direct comparison of sensory data cannot be made.  





Processing facility decisions of which loins to export to quality driven markets are based 
on the following quality criteria 1) lean color, 2) firm muscle, and 3) sufficient marbling 
(Johnson, 2008).  While validated objective measures exist to determine both loin color and lipid 
percentage, no objective measures to determine muscle firmness have been readily adopted by 
industry.  Durometers have been used to determine fat firmness in bellies (Seman et al., 2013), 
but results of durometer use on muscle have not been reported.  Therefore, in order to validate 
use of the durometer for loin firmness evaluation, durometer measurements were correlated with 
subjective firmness measurements.  
Day 1 subjective firmness (determined at the processing facility) did not correlate with 
durometer measures of the whole aged loin muscle (P ≥ 0.12; Table 2.2). Subjective 1 d firmness 
tended to correlate with durometer readings on chops used for sensory (P = 0.07; r = 0.146), but 
did not correlate with chops used for WBSF (P = 0.49). Subjective firmness measures at d 28 at 
the 10
th
 rib and on the anterior portion of the loin did not correlate with whole loin durometer 
readings on the dorsal or ventral portion of the loin, nor the average of the whole loin values (P ≥ 
0.21).  There was, however, a tendency for the subjective measures on the posterior portion of 
the loin to correlate with mid-point (10
th
 rib) dorsal (P = 0.08; r = 0.142) and ventral (P = 0.06; r 
= 0.151) durometer readings which contributed to a significant correlation of subjective firmness 
of the posterior portion of the loin with average whole loin durometer measures (P = 0.04; r = 
0.170). 
In general, durometer readings from the area of the 10
th
 rib either individually or when 
averaged are not well-correlated with subjective firmness scores on any portion of the loin (Table 
2.2). A similar result was observed by Swatland (1998), when creating an objective firmness 





the lack of a relationship between reflectance and firmness to either that objective or subjective 
measures accounting for different portions of firmness (i.e. elasticity and viscosity), or there was 
bias in subjective firmness scores by the evaluator due to inconsistencies in pork color 
(Swatland, 1998). In the present data set, loins were “normal” in color (NPPC color score range: 
2-4) and neither pale nor dark as in the previous work. Also, a panel of 4 evaluators was used for 
subjective firmness measures to further eliminate bias. Therefore, while this study does rule out 
bias as a potential impact on firmness measures, it does not rule out that different portions of 
firmness (i.e. elasticity and viscosity) may be measured by objective and subjective firmness 
measures.  In the context of the current subjective firmness rating system, the lack of correlation 
between durometer readings and subjective firmness measures leads to the conclusion that the 
durometer may not be an appropriate tool for online firmness estimation of pork loins.  
A widely used commercial application to assess firmness and quality of pork bellies is 
by the use of belly flop firmness measures.  Similar to bellies, it was expected that decreased flop 
distances would indicate less firm loins.  Initial (1 d) and aged (28 d) whole loin subjective 
firmness traits were correlated with 28 d loin flop (P ≤ 0.01; Table 2.3), but no objective 
firmness measures were related (P > 0.35) to loin flop.  Subjective and objective whole loin 
measures are inconsistent with each other, so, the lack of significant correlations between loin 
flop and objective measures (P ≥ 0.35) agrees with previous data regarding correlation of belly 
flop measurements.  Trusell et al. (2011) reported no correlation between belly flop measures 
skin side up, and negative, but inconsistent results across different regions of the belly when 
measured skin side down compared with mechanical compression measures.   





Firmness determination protocols are plant specific, and therefore a variety of locations 
are potentially used when determining firmness of loins in the export selection procedure.  It is 
known that firmness varies throughout the loin.  Waylan et al. (1998) reported that chops from 
more posterior portions of the loin are firmer than chops from the anterior portions of the loin.  
However, it is not well understood if one location within the loin is an accurate predictor of other 
locations.  Therefore, one objective of this project was to determine if firmness in one location of 
the loin was indicative of firmness in other locations of the loin. Subjective firmness measures at 
28 d postmortem were significantly correlated with each other.  Specifically, firmness at the 10
th
 
rib accounted for 38.44% (r = 0.620) and 48.30% (r = 0.695) of the variation in firmness at the 
anterior portion of the loin and the posterior portion of the loin, respectively (P ≤ 0.05; Table 
2.2).  Subjective firmness measures on the anterior portion of the loin accounted for 24.4% (r = 
0.494) of the variation in subjective firmness measures on the posterior portion of the loin.  
Similarly, durometer readings on the dorsal portion of the loin accounted for 7.1% (r = 0.266) of 
the variation in durometer readings on the ventral portion of the loin (P < 0.01).  It can be 
concluded that firmness in one location does predict firmness in other locations of the loin, 
however this relationship is moderate, and caution should be exercised when comparing results 
of studies where firmness may be measured in different locations. 
Relationship of Export Selection Criteria with 28 d Quality Measures 
Firmness and Sensory Characteristics. Of all firmness traits measured in this study, initial 
(1 d) firmness measures are arguably the most important in commerce. Firmness assessed at the 
processing facility is used in selecting loins for export to high-quality markets.  However, few 
studies have correlated firmness with loins aged over 21 d.  In the current study, initial subjective 





objective durometer readings on the ventral portion of the loin and average whole loin durometer 
measures tended to correlated with WBSF measures (P ≤ 0.09). Warner-Bratzler shear force 
correlated with subjective firmness measures on the chop used to determine WBSF (P = 0.01; r = 
0.211). Average whole loin durometer measures and sensory chop objective firmness measures 
each accounted for 2.7% of the variation in WBSF measures (P = 0.04). Previously, WBSF 
values were correlated with sensory tenderness: sustained tenderness sensory measures 
correlated with WBSF measures at r = -0.60, while initial tenderness sensory measures correlated 
with WBSF at r = - 0.61 (Caine et al., 2003).  Therefore, the lack of similar correlations in the 
current study was surprising.  In the present study, WBSF was correlated with sensory tenderness 
at r = -0.32 (P < 0.0001; data not presented).  There was not a significant correlation between 
sensory tenderness and subjective initial firmness (P = 0.79; r = -0.022; Table 2.4), but a 
significant correlation was present between sensory tenderness and subjective firmness of the 
anterior portion of the loin (P = 0.03; r = 0.170).  Whole loin objective firmness measures using 
the durometer did not correlate to sensory tenderness (P ≥ 0.83).  Chewiness, or sustained 
tenderness, was not correlated with subjective firmness on the posterior portion of the loin (P = 
0.39), yet, was correlated with firmness measures at the 10
th
 rib (P = 0.03; r = -0.180) and on the 
anterior portion of the loin (P = 0.02; r = -0.189).  Objective durometer readings from both 
whole loin and chop measures did not correlate with sensory chewiness (P ≥ 0.14).  Initial 
firmness tended to explain 2.0% of the variability in sensory juiciness.  No significant correlation 
was observed for sensory juiciness and firmness at the 10
th
 rib and on the posterior portion of the 
loin, but firmness measures of the anterior portion of the loin tended to account for 1.7% of the 





on chops were significantly correlated with sensory off-flavor (P ≤ 0.32).  Average whole loin 
durometer readings accounted for 5.2% of the variation in sensory off-flavor (P < 0.01).   
Davis et al. (1975) proposed correlations between firmness and sensory characteristics.  In 
that study of 403 loins, subjective firmness measures explained between 9.6 to 18.49% of the 
variation in sensory juiciness, 1.2% of the variation in flavor, 1.4 to 7.8% of the variation in 
tenderness and 8.4 to 13.7% of the variation in overall satisfaction (Davis et al., 1975).  In 
general, these correlations are greater than correlations presented in the current study, likely due 
to the added variation of kill location and differing genetics imposed in the Davis et al. (1975) 
study.  In the present study, some firmness measures did account for small variation in sensory 
characteristics, but these correlations are inconsistent.  Consequently, firmness, measured at 
either 1d or 28 d postmortem with a variety of techniques, is not an accurate predictor of aged 
pork loin sensory characteristics. 
Firmness, Subjective Color, and Marbling.  Color is a large determining factor in sorting 
loins destined for quality driven export markets.  Though color can be measured objectively with 
various colorimeter systems, for sorting, it is measured subjectively.   At d 1 color was not 
correlated with any whole loin subjective firmness measures (P ≥ 0.19), but was significantly 
correlated to durometer readings on the dorsal portion of the loin (P = 0.03; Table 2.5).  
Traditionally, literature reports pork color after a bloom period, however bloom time does not 
allow for color measurements at line speed, consequently both pre- and post-bloom color were 
measured at 28 d in this study. No subjective whole loin (P ≥ 0.38; Table 2.4) or objective (P ≥ 
0.21) firmness measures correlated with pre-bloom color. Pre-bloom subjective color scores 
were related to durometer measures for texture and sensory chops (P ≤ 0.02; r = 0.206 and 0.192, 





In regards to subjective firmness measures, firmness of WBSF chops and texture chops were 
correlated with pre-bloom color (P < 0.04; r = 0.227 and 0.164, respectively). Neither whole loin 
or chop subjective firmness measures correlated with subjective color after a 20 min bloom time 
(P ≥ 0.19).  Objective sensory chop measures were weakly, but significantly correlated (P ≤ 
0.01) to color after the blooming period but the tendency observed pre-bloom for the WBSF 
chop was no longer present (P ≥ 0.87).  However, these correlations are not as strong as those 
reported by Huff-Lonergan et al. (2002), who suggested positive correlations between firmness 
and color  of r = 0.27, or Boler et al. (2010), who suggested a positive correlation of r = 0.41. 
The final component in evaluating quality of loins for export is marbling, which can be 
objectively measured by percent extractable lipid, but in commerce, is estimated by visual 
appraisal.  In this population of loins subjective marbling scores ranged from 1 to 3 and 
extractable lipid from 0.47% to 4.18%.  Correlation between these two measures was significant 
but weak (P < 0.01; r = 0.233; data not presented).  No significant correlations existed between 
extractable lipid and whole loin subjective firmness measures (P ≥ 0.11; Table 2.3).  Durometer 
readings on the dorsal portion of the loin accounted for 2.7% of the variation in extractable lipid 
(P = 0.04), while durometer readings on the ventral portion of the loin  and average whole loin 
durometer measures were not significantly correlated to extractable lipid (P ≥ 0.38).   
Although not the emphasis of this experiment, Spearman correlation coefficients are 
presented on the two remaining export selection criteria (color and marbling) and sensory 
characteristics (Table 2.6).  Huff-Lonergan et al. (2002) reported significant positive correlations 
between color and sensory tenderness, as well as color and flavor ratings.  Further, in that study, 
off-flavor was correlated with color.  However, in the present study, no significant correlations 





Similar to Huff-Lonergan et al. (2002) results, a tendency for a negative correlation was present 
between 1 d color score and sensory off flavor (P = 0.07; r = -0.148), however this same result 
was not present between 28 d color and sensory off flavor (P = 0.90).  Previously, marbling was 
correlated with tenderness (r = 0.21), flavor (r = 0.20) and off-flavor (-0.15; Huff-Lonergan et 
al., 2002).  However, in the present study, sensory characteristics were not correlated with color 
at either 1 or 28 d of aging (P ≥ 0.33). Although ranges are not included in the study by Huff-
Lonergan et al. (2002), the standard deviations in the present study were lower for 1 d color, 
marbling and firmness, indicating less variability in the current study and a potential explanation 
for the lack of correlations between sensory characteristics, and color, marbling, and firmness. 
Relationship Between Mechanistic Traits and Firmness.  Mechanistic measures are used as 
indicators of overall quality, palatability, or further processing characteristics.  Ultimate pH (24 h 
postmortem) correlates with color (r = 0.50) and marbling (r = 0.25; Boler et al., 2010). Previous 
work suggested that increased pH would result in a swelling of myofibrils (Huff-Lonergan and 
Lonergan, 2005), which would ultimately result in a firmer product.  However, no subjective or 
objective firmness correlations were observed with d 1 pH (P ≥ 0.13; Table 2.5) and no 
subjective firmness measures were correlated with aged pH measures (P ≥ 0.17; Table 2.4).  This 
contrasts with research by both Boler et al. (2010) and Huff-Lonergan et al. (2002) who reported 
significant, positive correlations between firmness and pH. 
Firmness has been demonstrated to be negatively correlated with purge loss of pork loins 
aged for 21 d (Boler et al., 2010).  Initial (d 1) firmness measures tended to correlate with aged 
loin purge (P = 0.10; r = 0.136; Table 2.4) such that loins that were firmer on d 1 had increased 
amounts of purge during storage. As loins age and postmortem proteolysis occurs inherent 





is, therefore, unsurprising that whole loin subjective firmness measures from the 10
th
 rib, anterior 
portion, and posterior portion of the loin accounted for 7.2 (r = -0.268), 12.2 (-0.349), and 9.2% 
(-0.304), respectively, of the variation of aged loin purge loss (P < 0.01). However, at 28 d 
postmortem, it is expected that the majority of postmortem proteolysis and consequent free water 
loss is likely nearing completion.  This is reflected in the low population average of drip loss 
percentage in the current project (0.78 ± 0.23 %; Table 2.1) and the lack of significant 
correlations between drip loss and subjective whole muscle firmness (P ≥ 0.10; Table 2.4). 
Similar to other traits in this study, durometer readings on the dorsal and ventral portions of the 
loin did not account for any significant variation in drip loss or purge (P ≥ 0.11).  Furthermore, 
loin moisture content was not correlated with any firmness measures (P ≥ 0.18).   
Collagen content is known to contribute to the variability in tenderness of pork (Wheeler 
et al., 2000).  However, soluble and insoluble collagen content were poor indicators of firmness, 
with only subjective WBSF chop firmness being correlated with insoluble collagen content (P = 
0.01; r = 0.220; Table 2.4), but no other chop or whole loin measurement of firmness.  Excessive 
unsaturated fatty acids in loins are of concern because they may cause visual detection of 
marbling to be more difficult, and loin chops may have a more oily appearance (Johnson, 2008).  
However, though unsaturated fatty acids would be oilier and less firm than saturated fatty acids, 
little research has been conducted to understand the relationship between fatty acid composition 
of pork loin extractable lipid and firmness of pork loins.  Of all subjective and objective firmness 
traits, only initial firmness was significantly but inversely correlated with iodine value (IV; P = 
0.02; r = -0.199; Table 2.7) such that as iodine value increased (fatty acids are more unsaturated), 
firmness score decreased. Initial subjective firmness measures were not significantly correlated 





was positively correlated with total percentage of SFAs (P < 0.01; r = 0.231), negatively 
correlated with unsaturated:saturated fatty acid ratio (P < 0.01; r = -0.231) and tended to 
negatively correlate with the ratio of PUFA:SFA (P = 0.06; r = -0.154), all in agreement with 
observations of correlations between initial firmness and IV.  The variation in subjective cut 
surface firmness measures at 28 d postmortem can be explained partially by unsaturated fatty 
acid content; 4.4% by total percentage of MUFAs (P = 0.01) and 3.1% (P = 0.03) by total 
percentage of PUFAs.  Further, subjective cut surface firmness measures tended to be correlated 
with SFA (P = 0.06; r = -0.151) and the ratio of unsaturated:saturated fatty acids (P = 0.06; r = 
0.151).  Durometer readings on the dorsal region of the loin were correlated with total percentage 
of MUFAs (P = 0.01; r = 0.203), PUFAs (P < 0.01; r = -0.238) and the ratio of PUFA:SFA (P = 
0.04; r = -0.167). The weak correlation between IV and initial firmness and the lack of 
correlation between firmness and 28 d aged pork IV could be due to the fact that this population 
of loins had a low extractable lipid content (0.47% - 4.18%, Table 2.1) compared to pork bellies 
or because fatty acid profile is not related with pork loin firmness. 
Conclusions 
When loins not achieving export standards are removed from the population, initial (1 d 
postmortem) firmness was not correlated to aged (28 d postmortem) pork quality.   Given the 
lack of correlation between firmness and sensory characteristics, selecting only the firmest loins 
of a population will likely not improve eating quality.  Further, at 28 d postmortem, firmness 
does explain a small portion of the variation in quality and sensory characteristics; however these 
measures are not consistent throughout the entire loin.  Inconsistencies among subjective and 
objective firmness measures suggest that use of the durometer may not be the most appropriate 





measures.  Further work is needed to determine the most appropriate way to evaluate quality 
while maintaining the whole muscle integrity of loins destined for export to Japan and other 
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Table 2.1. Characteristics of loins used in the experiment 
Variable
1 
N Mean Std Dev Median Minimum Maximum 
Back Fat, mm 135 17.12 3.86 17 8 28 
Loin Depth, mm 135 55.13 7.82 56 36 73 
Percent Lean, % 135 52.88 2.37 53.1 46.77 58.57 
HCW, kg 152 89.42 6.82 90.29 71.84 107.48 
 1 d Color 151 3.20 0.30 3 2.5 4 
1 d Marbling 151 1.57 0.57 1.5 1 3 
1 d Firmness 151 3.19 0.55 3 2 5 
1 d  L* 151 44.29 2.32 44.45 38.52 52.08 
1 d a* 151 6.31 1.01 6.16 4.17 8.79 
1 d b* 151 0.14 0.74 0.11 -1.75 2.86 
Ultimate pH, 24 h 151 5.57 0.05 5.56 5.45 5.75 
28 d  Loin pH 154 5.55 0.07 5.55 5.37 5.74 
 1 d Jowl IV 149 67.63 2.53 67.20 61.00 75.00 
1 d Belly IV 151 64.78 3.68 64.90 55.30 74.60 
28 d Purge, % 153 2.86 1.45 2.64 0.19 8.11 
28 d Drip Loss, % 154 0.78 0.23 0.75 0.37 1.42 
Length, cm 154 60.97 2.38 60.96 54.61 66.29 
Flop, cm 154 18.46 2.50 18.54 7.11 23.88 
Circumference, cm 154 29.37 1.63 29.53 20.73 33.93 
NPPC Pre-Bloom Color 154 2.56 0.50 3 2 3 
Japan Pre-Bloom Color 154 2.56 0.50 3 2 3 
Aged Loin Marbling 154 1.43 0.55 1 1 3 
NPPC Post-Bloom Color 154 2.73 0.47 3 2 4 
Japan Post-Bloom Color 154 2.73 0.47 3 2 4 
10th Rib Subjective Firmness 154 3.05 0.49 3 2 4 
Anterior Subjective Firmness 154 3.03 0.51 3 2 4 
Posterior Subjective Firmness 154 3.05 0.51 3 2 4 
Cut Firmness 154 2.87 0.52 3 2 4 
WBSF Chop Subjective Firmness, kg 154 2.63 0.48 2.58 1.61 5.54 
Texture Chop Subjective Firmness 154 2.94 0.47 3 2 4 
Sensory Chop Subjective Firmness 154 2.99 0.47 3 2 4 
Dorsal Durometer 154 53.84 6.30 54.35 36.6 67.9 
Ventral Durometer 154 56.03 8.70 55.45 35.6 88.7 
Average Whole Loin Durometer 154 54.93 5.98 55.01 40.81 73.10 
WBSF Chop Durometer 154 39.45 6.69 39.35 21.6 55.5 





Table 2.1.Continued. Characteristics of loins used in the experiment 
Variable
1
 N Mean Std Dev Median Minimum Maximum 
Sensory Chop Durometer 154 42.09 7.12 42.3 20.2 59.9 
28 d WBSF, kg 154 2.63 0.48 2.58 1.61 5.54 
28 d Moisture, % 154 0.74 0.01 0.74 0.72 0.75 
28 d Extractable Lipid, % 154 1.77 0.62 1.69 0.47 4.18 
28 d Protein, % 154 21.71 0.43 21.72 20.42 22.74 
28 d Sensory Tenderness 154 8.82 1.11 8.93 5.65 11.98 
28 d Sensory Chewiness 154 7.26 1.15 7.13 4.33 9.82 
28 d Sensory Juiciness 154 7.36 1.00 7.28 5.03 9.75 
28 d Sensory Off-Flavor 154 0.01 0.03 0 0 0.24 
Soluble Collagen, µg/gram of meat 154 3.95 2.23 3.51 0.65 10.71 
Insoluble Collagen, µg/gram of meat 154 23.69 7.75 23.41 2.38 38.24 
28 d Cook Loss, % 150 21.37 4.15 21.86 10.96 34.26 
Pre-Bloom L* 154 51.22 2.08 51.43 46.23 56.53 
Pre-Bloom a* 154 6.64 1.09 6.56 4.1 9.06 
Pre-Bloom b* 154 0.19 0.61 0.18 -1.47 1.68 
Post-Bloom L* 154 51.36 2.16 51.48 44.47 56.3 
Post Bloom a* 154 7.73 1.23 7.7 4.01 10.83 
Post Bloom b* 154 3.19 0.81 3.17 0.10 5.14 
C 14:0, % 150 1.23 0.12 1.22 0.89 1.61 
C 14:1, % 150 0.01 0.02 0 0 0.07 
C 15:0, % 150 0.10 0.04 0.09 0 0.23 
C 16:0, % 150 21.44 2.64 22.16 10.05 27.52 
C 16:1, % 150 3.07 0.57 3.08 1.52 4.54 
C 17:0, % 150 0.26 0.07 0.25 0.09 0.48 
C 17:1, % 150 0.01 0.08 0 0 0.672 
C 18:0, % 150 12.05 2.15 12.30 5.27 16.28 
C 18:1 n9, % 150 43.57 5.26 43.64 27.82 56.97 
C 18:2 n6, % 150 12.99 2.61 12.83 7.93 21.95 
C 18:3 n6, % 150 0.09 0.03 0.09 0 0.17 
C 18:3 n3, % 150 0.24 0.04 0.23 0.16 0.41 
C 20:0, % 150 0.12 0.03 0.13 0 0.18 
C 20:1 n9, % 150 0.51 0.09 0.51 0.31 0.77 
C 20:2 n6, % 150 0.28 0.05 0.27 0.17 0.44 
C 20:3 n6, % 150 0.37 0.10 0.37 0.14 0.69 
C 20:4 n6, % 150 2.83 0.81 2.82 0.50 5.36 
C 20:3 n3, % 150 0.05 0.38 0 0 3.965 
C 20:5 n3, % 150 0.07 0.03 0.07 0 0.16 





Table 2.1.Continued. Characteristics of loins used in the experiment 
Variable
1
 N Mean Std Dev Median Minimum Maximum 
C 22:5 n3, % 150 0.24 0.07 0.23 0.08 0.47 
C 22:6 n3, % 150 0.08 0.05 0.08 0 0.22 
SFA, % 150 35.20 4.63 36.18 16.69 43.58 
MUFA, % 150 47.17 5.75 47.31 30.34 62.13 
PUFA, % 150 17.63 3.65 17.39 10.15 29.96 
UFA:SFA 150 1.91 0.51 1.76 1.29 4.99 
PUFA:SFA 150 0.51 0.16 0.49 0.27 1.47 
AOCS IV
2
 150 64.14 4.47 63.21 54.51 84.03 
1
NPPC = National Pork Producers Council; WBSF = Warner–Bratzler shear force; UFA = unsaturated fatty acids; 
AOCS = American Oil Chemists’ Society; IV = iodine value. NPPC color = 6-point scale (NPPC, 1999; 1 = pale 
pinkish grey to white, 6 = dark purplish red). Japanese color = 6 point scale (1 = pale pinkish grey to white, 6 = dark 
purplish red). NPPC marbling = 10-point scale (NPPC, 1999; 1 = 1.0% intramuscular lipid and 10 = 10.0% 








Table 2.2. Spearman correlation coefficients of firmness traits with other firmness traits
1
 
 Subjective  Objective 




















0.141 0.101 0.121 0.195 0.242 0.113 
 
0.126 0.110 0.124 0.057 0.146 
(0.08) (0.22) (0.14) (0.02) (<0.01) (0.17) 
 




0.620 0.695 0.156 0.096 0.055 
 
0.102 0.068 0.082 -0.132 -0.095 
 
(<0.0001) (<0.0001) (0.05) (0.23) (0.50) 
 
(0.21) (0.41) (0.31) (0.10) (0.24) 
Anterior   
0.494 0.062 0.151 0.054 
 
0.069 0.043 0.051 -0.042 -0.074 
  
(<0.0001) (0.44) (0.06) (0.51) 
 
(0.40) (0.60) (0.53) (0.60) (0.36) 
Posterior    
0.154 0.123 0.053 
 
0.142 0.151 0.170 -0.149 -0.040 
   
(0.06) (0.13) (0.52) 
 
(0.08) (0.06) (0.04) (0.06) (0.62) 
Cut Surface     
0.202 0.147 
 
0.197 0.140 0.201 0.179 0.184 
    
(0.01) (0.07) 
 
(0.01) (0.08) (0.01) (0.03) (0.02 
WBSF Chop 
     
0.484 
 
0.112 0.116 0.144 0.325 0.050 
     
(<0.0001) 
 







Table 2.2. Continued. Spearman correlation coefficients of firmness traits with other firmness traits
1
 
 Subjective  Objective 






















Chop         
0.082 0.042 0.081 0.141 0.085 
       
(0.31) (0.60) (0.32) (0.08) (0.29) 
Dorsal         
0.266 0.721 -0.036 0.034 
        
(<0.01) (<0.0001) (0.66) (0.68) 
Ventral          
0.844 0.036 0.081 
         




           
0.005 0.078 
          
(0.95) (0.34) 
WBSF Chop 




           
(<0.0001) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10. Upper row is the correlation coefficient between traits. P-value for difference from zero provided in 
parentheses. 
2
WBSF = Warner–Bratzler shear force. 
3
Durometer readings were determined at approximately the 10th rib on both the dorsal and ventral sides of the loin. 
4






Table 2.3. Spearman correlation coefficients of firmness traits with 28 d aged meat quality
1
 
  Subjective   Objective 
Variable
2 



















-0.022 -0.028 -0.232 -0.043 0.026 -0.050 -0.028 
 
-0.053 0.104 0.039 0.091 0.049 
(0.79) (0.73) (<0.01) (0.59) (0.75) (0.53) (0.73) 
 
(0.51) (0.20) (0.63) (0.26) (0.54) 
Loin Flop 
0.443 0.268 0.216 0.222 0.112 0.049 0.019 
 
0.076 0.034 0.049 -0.027 0.064 
(<0.0001) (<0.01) (0.01) (0.01) (0.17) (0.54) (0.82) 
 





0.065 0.001 0.071 -0.068 0.147 0.227 0.115 
 
0.032 0.080 0.102 0.148 0.192 
(0.43) (0.99) (0.38) (0.40) (0.07) (<0.01) (0.16) 
 
(0.69) (0.32) (0.21) (0.07) (0.02) 
Japan Color 
Pre-Bloom 
0.065 0.001 0.071 -0.068 0.147 0.227 0.115 
 
0.032 0.080 0.102 0.148 0.192 
(0.43) (0.99) (0.38) (0.40) (0.07) (<0.01) (0.16) 
 
(0.69) (0.32) (0.21) (0.07) (0.02) 
NPPC Color 
Post-Bloom 
0.113 -0.006 0.000 0.002 0.115 0.049 0.014 
 
0.070 0.055 0.106 0.053 0.257 
(0.17) (0.94) (1.00) (0.98) (0.16) (0.54) (0.87) 
 
(0.39) (0.50) (0.19) (0.51) (<0.01) 
Japan Color 
Post-Bloom 
0.113 -0.006 0.000 0.002 0.115 0.049 0.014 
 
0.070 0.055 0.106 0.053 0.257 
(0.17) (0.94) (1.00) (0.98) (0.16) (0.54) (0.87) 
 
(0.39) (0.50) (0.19) (0.51) (<0.01) 
Aged 
Marbling 
0.013 -0.035 -0.030 -0.071 0.166 0.024 -0.005 
 
0.236 0.005 0.125 0.043 -0.075 
(0.87) (0.66) (0.71) (0.38) (0.04) (0.77) (0.95) 
 
(<0.01) (0.95) (0.12) (0.59) (0.36) 
Moisture 
-0.025 0.036 0.062 0.028 -0.096 0.030 -0.090 
 
-0.109 0.093 -0.0001 -0.101 -0.091 
(0.76) (0.66) (0.45) (0.73) (0.23) (0.72) (0.26) 
 
(0.18) (0.25) (1.00) (0.21) (0.26) 
Extractable 
Lipid 
0.071 -0.080 -0.128 -0.059 0.138 -0.042 0.151 
 
0.165 -0.071 0.034 0.178 0.210 
(0.39) (0.32) (0.11) (0.47) (0.09) (0.61) (0.06) 
 
(0.04) (0.38) (0.67) (0.03) (0.01) 
Protein, % 
0.013 0.099 0.070 0.048 0.004 0.010 -0.122 
 
-0.056 -0.045 -0.054 -0.154 -0.046 
(0.87) (0.22) (0.39) (0.56) (0.96) (0.90) (0.13) 
 
(0.49) (0.58) (0.51) (0.06) (0.57) 
L* Pre-
Bloom 
-0.137 -0.056 -0.095 -0.099 -0.088 -0.023 -0.039 
 
-0.166 -0.030 -0.125 0.094 -0.117 
(0.09) (0.49) (0.24) (0.22) (0.28) (0.77) (0.63) 
 
(0.04) (0.71) (0.12) (0.25) (0.15) 
a* Pre-
Bloom 
0.050 0.145 0.054 0.157 0.175 0.067 0.044 
 
0.042 0.087 0.102 -0.023 0.099 
(0.54) (0.07) (0.50) (0.05) (0.03) (0.41) (0.59) 
 





Table 2.3. Continued. Spearman correlation coefficients of firmness traits with 28 d aged meat quality
1
 
 Subjective   Objective 
Variable
2























-0.122 0.092 0.013 0.043 0.086 -0.071 -0.075 
 
-0.136 0.056 -0.024 0.062 -0.074 
(0.14) (0.26) (0.87) (0.59) (0.29) (0.38) (0.35) 
 
(0.09) (0.49) (0.77) (0.45) (0.36) 
L* Post-
Bloom 
-0.101 -0.061 -0.042 -0.067 -0.059 -0.074 -0.009 
 
-0.111 0.044 -0.035 0.000 -0.069 
(0.22) (0.45) (0.60) (0.41) (0.47) (0.36) (0.92) 
 
(0.17) (0.59) (0.66) (1.00) (0.39) 
a* Post-
Bloom 
0.036 0.123 0.084 0.069 0.181 0.039 0.088 
 
0.020 0.080 0.074 0.058 0.090 
(0.66) (0.13) (0.30) (0.39) (0.02) (0.63) (0.28) 
 
(0.80) (0.33) (0.36) (0.47) (0.27) 
b* Post-
Bloom 
-0.068 0.104 0.033 0.063 0.116 -0.064 0.132 
 
-0.027 0.138 0.088 0.015 0.014 
(0.41) (0.20) (0.69) (0.44) (0.15) (0.43) (0.10) 
 
(0.74) (0.09) (0.28) (0.85) (0.87) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10. Upper row is the correlation coefficient between traits. P-value for difference from zero provided in 
parentheses. 
2
NPPC color = 6-point scale (NPPC, 1999; 1 = pale pinkish grey to white, 6 = dark purplish red). Japanese color = 6 point scale (1 = pale pinkish grey to white, 6 
= dark purplish red). NPPC marbling = 10-point scale (NPPC, 1999; 1 = 1.0% intramuscular lipid and 10 = 10.0% intramuscular lipid). NPPC firmness = 5-point 
scale (NPPC, 1991; 1= soft and 5 = very firm). 
3
WBSF = Warner–Bratzler shear force. 
4
Durometer readings were determined at approximately the 10th rib on both the dorsal and ventral sides of the loin. 
5
An average whole loin durometer reading was calculated as the average of the durometer readings on the dorsal and ventral sides of the loin. 
6





Table 2.4. Spearman correlation coefficients of firmness with pH, water holding capacity measures, sensory characteristics, and collagen content
1 
 Subjective   Objective 



















0.174 -0.074 -0.005 -0.053 0.071 0.211 0.016  0.031 0.142 0.135 0.131 0.164 
(0.03) (0.36) (0.95) (0.52) (0.38) (0.01) (0.85)  (0.70) (0.08) (0.09) (0.11) (0.04) 
Tenderness 
-0.022 0.129 0.170 0.008 -0.140 -0.076 -0.164  0.009 0.018 -0.011 -0.022 -0.134 
(0.79) (0.11) (0.03) (0.92) (0.08) (0.35) (0.04)  (0.92) (0.83) (0.90) (0.78) (0.10) 
Chewiness 
0.057 -0.180 -0.189 -0.070 -0.028 0.117 0.144  0.072 -0.006 0.056 -0.030 0.119 
(0.49) (0.03) (0.02) (0.39) (0.73) (0.15) (0.07)  (0.37) (0.94) (0.49) (0.71) (0.14) 
Juiciness 
0.143 0.070 0.132 0.056 -0.092 0.063 -0.009  -0.190 -0.087 -0.176 0.018 -0.098 
(0.08) (0.39) (0.10) (0.49) (0.26) (0.44) (0.91)  (0.02) (0.28) (0.03) (0.82) (0.23) 
Off Flavor 
0.081 -0.021 -0.012 -0.023 -0.063 -0.030 0.007  -0.129 -0.254 -0.229 0.025 0.066 
(0.32) (0.80) (0.88) (0.78) (0.44) (0.71) (0.93)  (0.11) (<0.01) (<0.01) (0.76) (0.42) 
Aged pH 
0.058 0.111 0.086 0.111 0.038 0.015 -0.108 
 
0.197 0.104 0.183 -0.123 -0.061 
(0.48) (0.17) (0.29) (0.17) (0.64) (0.86) (0.18) 
 
(0.01) (0.20) (0.02) (0.13) (0.46) 
Purge 
0.136 -0.268 -0.349 -0.304 -0.0028 0.101 0.094 
 
0.029 -0.131 -0.068 0.168 0.093 
(0.10) (<0.01) (<0.0001) (0.0001) (0.73) (0.21) (0.25) 
 
(0.72) (0.11) (0.41) (0.04) (0.25) 
Drip Loss 
-0.028 -0.100 0.134 -0.039 -0.213 0.027 -0.079 
 
-0.068 -0.083 -0.099 0.036 0.026 
(0.73) (0.22) (0.10) (0.63) (0.01) (0.74) (0.33) 
 
(0.40) (0.31) (0.22) (0.66) (0.75) 
Cook Loss 
-0.028 -0.001 0.054 -0.032 0.002 0.103 0.077  -0.076 0.023 -0.018 0.019 0.054 









 Subjective   Objective 























-0.078 -0.105 -0.047 -0.026 -0.058 0.069 0.144  -0.019 0.011 0.005 0.024 0.052 
(0.34) (0.19) (0.56) (0.74) (0.47) (0.39) (0.08)  (0.81) (0.89) (0.96) (0.76) (0.53) 
Insoluble 
Collagen 
0.060 0.004 0.081 0.036 -0.078 0.220 0.043  -0.117 -0.106 -0.130 0.025 -0.130 
(0.47) (0.96) (0.32) (0.66) (0.33) (0.01) (0.60)  (0.15) (0.19) (0.11) (0.76) (0.11) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10. Upper row is the correlation coefficient between traits. P-value for difference from zero provided in 
parentheses. 
2
WBSF = Warner–Bratzler shear force. 
3
Durometer readings were determined at approximately the 10th rib on both the dorsal and ventral sides of the loin. 
4






Table 2.5. Spearman correlation coefficients of firmness traits with production facility data
1 
 Subjective   Objective 





















0.158 0.206 0.055 0.167 0.258 -0.167 -0.071  0.145 0.104 0.117 -0.062 0.000 




0.182 -0.029 0.088 -0.009 -0.100 -0.017 -0.048  0.156 -0.019 0.077 -0.155 -0.004 
(0.04) (0.74) (0.31) (0.92) (0.25) (0.85) (0.58)  (0.07) (0.82) (0.36) (0.07) (0.96) 
Percent 
Lean, % 
-0.046 -0.152 0.013 -0.143 -0.228 0.041 -0.005  0.047 -0.077 -0.004 -0.081 -0.030 
(0.60) (0.08) (0.89) (0.10) (0.01) (0.63) (0.95)  (0.59) (0.37) (0.96) (0.35) (0.73) 
HCW, kg 
0.325 0.150 0.012 0.092 0.127 0.055 0.047  0.061 0.106 0.096 0.057 0.029 
(<0.0001) (0.06) (0.88) (0.26) (0.12) (0.50) (0.57)  (0.45) (0.19) (0.24) (0.49) (0.73) 
Color 
0.095 0.080 0.108 0.086 0.149 0.104 0.143 
 
0.175 0.000 0.114 -0.041 0.041 
(0.24) (0.33) (0.19) (0.29) (0.07) (0.20) (0.08) 
 
(0.03) (1.00) (0.16) (0.62) (0.62) 
Marbling 0.060 0.042 0.121 0.077 0.182 0.058 -0.013 
 
0.173 0.140 0.194 0.069 0.005 
(0.47) (0.61) (0.14) (0.35) (0.03) (0.48) (0.87) 
 
(0.03) (0.09) (0.02) (0.40) (0.95) 
L* 
-0.006 -0.059 -0.093 -0.020 -0.062 -0.114 -0.118  0.061 0.087 0.096 -0.110 -0.032 
(0.94) (0.47) (0.25) (0.81) (0.45) (0.16) (0.15)  (0.45) (0.29) (0.24) (0.18) (0.69) 
a* 
0.058 0.207 0.141 0.139 0.118 0.148 0.127  0.037 -0.072 -0.023 0.072 0.017 
(0.48) (0.01) (0.09) (0.09) (0.15) (0.07) (0.12)  (0.65) (0.38) (0.76) (0.38) (0.84) 
b* 
-0.018 0.105 -0.046 0.076 0.060 -0.049 -0.087  0.060 0.123 0.125 0.026 -0.077 





Table 2.5. Continued. Spearman correlation coefficients of firmness traits with production facility data
1
 
 Subjective   Objective 





















24 h pH 
0.040 0.050 0.060 0.082 0.143 0.069 0.042  0.060 -0.003 0.036 -0.031 -0.093 
(0.63) (0.54) (0.46) (0.32) (0.08) (0.40) (0.61)  (0.47) (0.97) (0.66) (0.71) (0.26) 
Jowl IV
5 -0.127 -0.048 -0.023 -0.018 0.028 0.039 -0.013 
 
0.111 -0.118 -0.017 -0.013 -0.037 
(0.12) (0.56) (0.78) (0.83) (0.73) (0.63) (0.88) 
 
(0.18) (0.15) (0.83) (0.87) (0.65) 
Belly IV
 -0.082 -0.053 -0.049 -0.060 0.131 0.037 -0.056 
 
0.073 -0.118 -0.030 0.008 -0.038 
(0.32) (0.52) (0.55) (0.46) (0.11) (0.65) (0.49) 
 
(0.37) (0.15) (0.72) (0.93) (0.65) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10. Upper row is the correlation coefficient between traits. P-value for difference from zero provided in 
parentheses. 
2
WBSF = Warner–Bratzler shear force. 
3
Durometer readings were determined at approximately the 10th rib on both the dorsal and ventral sides of the loin. 
4
An average whole loin durometer reading was calculated as the average of the durometer readings on the dorsal and ventral sides of the loin. 
5





Table 2.6. Spearman correlations coefficients of color, marbling, and sensory characteristics
1 
Variable 1 d Color Score 
28 d Color 
Score 1 d Marbling Score 28 d Marbling Score 
Tenderness 
-0.019 -0.059 -0.055 -0.049 
(0.82) (0.47) (0.50) (0.54) 
Chewiness 
0.088 0.109 -0.065 -0.041 
(0.28) (0.18) (0.43) (0.61) 
Juiciness 
-0.039 0.014 -0.064 -0.028 
(0.63) (0.86) (0.43) (0.73) 
Off Flavor 
-0.148 -0.010 -0.080 -0.054 
(0.07) (0.90) (0.33) (0.51) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10.  Upper row is the correlation coefficient between traits.  P-







Table 2.7. Spearman correlation coefficients of firmness traits with fatty acid methyl ester profile (FAME) and iodine value (IV)
1 
 Subjective   Objective 
Variable
2


















C 14:0, % 
-0.015 -0.063 -0.001 -0.004 -0.012 -0.116 -0.004 
 
0.108 0.022 0.096 -0.054 0.034 
(0.86) (0.44) (0.99) (0.96) (0.88) (0.16) (0.96) 
 
(0.19) (0.79) (0.24) (0.52) (0.68) 
C 14:1, % 
-0.140 0.079 0.033 0.154 0.052 0.041 0.099 
 
0.017 0.035 0.034 -0.053 -0.092 
(0.09) (0.34) (0.69) (0.06) (0.53) (0.62) (0.23) 
 
(0.84) (0.67) (0.68) (0.52) (0.26) 
C 15:0, % 
0.035 -0.118 -0.073 -0.078 -0.051 0.099 -0.005 
 
-0.073 0.065 -0.007 0.052 0.045 
(0.67) (0.15) (0.38) (0.34) (0.54) (0.23) (0.95) 
 
(0.38) (0.43) (0.93) (0.53) (0.58) 
C 16:0, % 
0.214 -0.004 -0.057 0.091 -0.103 0.017 -0.025 
 
-0.014 0.049 0.017 -0.049 -0.031 
(0.01) (0.96) (0.49) (0.27) (0.21) (0.84) (0.76) 
 
(0.87) (0.55) (0.83) (0.55) (0.71) 
C 16:1, % 
-0.127 0.093 0.062 0.042 0.189 -0.065 -0.003 
 
0.252 0.022 0.163 0.001 0.010 
(0.13) (0.26) (0.45) (0.61) (0.02) (0.43) (0.97) 
 
(<0.01) (0.79) (0.05) (0.99) (0.90) 
C 17:0, % 
0.030 -0.162 -0.164 -0.091 -0.198 -0.003 -0.044 
 
-0.148 0.035 -0.085 -0.011 -0.135 
(0.72) (0.05) (0.04) (0.27) (0.01) (0.97) (0.59) 
 
(0.07) (0.67) (0.30) (0.90) (0.10) 
C 17:1, % 
0.134 -0.018 -0.010 0.062 -0.120 0.078 0.011 
 
-0.078 -0.130 -0.132 -0.055 -0.048 
(0.11) (0.83) (0.90) (0.45) (0.15) (0.34) (0.90) 
 
(0.34) (0.11) (0.11) (0.51) (0.56) 
C 18:0, % 
0.204 -0.095 -0.073 -0.031 -0.173 0.020 -0.034 
 
-0.160 0.056 -0.064 -0.029 -0.030 
(0.01) (0.25) (0.38) (0.71) (0.03) (0.81) (0.68) 
 
(0.05) (0.49) (0.44) (0.73) (0.71) 
C 18:1 n9, % 
-0.122 0.069 0.073 -0.033 0.202 0.006 0.095 
 
0.197 -0.085 0.059 0.056 0.081 
(0.14) (0.40) (0.38) (0.69) (0.01) (0.94) (0.25) 
 
(0.02) (0.30) (0.47) (0.49) (0.33) 
C 18:2 n6, % 
-0.108 -0.028 -0.017 -0.009 -0.221 -0.051 -0.090 
 
-0.256 -0.042 -0.163 -0.036 0.016 
(0.19) (0.74) (0.84) (0.92) (<0.01) (0.53) (0.27) 
 
(<0.01) (0.61) (0.05) (0.66) (0.85) 
C 18:3 n6, % 
-0.045 -0.043 -0.093 -0.052 0.078 0.008 -0.073 
 
-0.068 0.006 -0.051 0.024 0.014 
(0.59) (0.60) (0.26) (0.53) (0.34) (0.92) (0.37) 
 
(0.41) (0.95) (0.54) (0.77) (0.86) 
C 18:3 n3, % 
-0.150 -0.028 0.059 -0.046 -0.181 0.016 -0.038 
 
-0.190 -0.138 -0.194 0.011 0.008 
(0.07) (0.74) (0.47) (0.58) (0.03) (0.85) (0.64) 
 





Table 2.7. Continued. Spearman correlation coefficients of firmness traits with fatty acid methyl ester profile (FAME) and iodine value (IV)
1
 
 Subjective   Objective 
Variable
2





















C 20:0, % 
0.199 -0.076 0.002 -0.019 -0.165 0.065 -0.011 
 
0.007 0.019 0.004 0.012 -0.020 
(0.02) (0.36) (0.98) (0.81) (0.04) (0.43) (0.89) 
 
(0.93) (0.81) (0.95) (0.89) (0.81) 
C 20:1 n9, % 
-0.032 -0.042 -0.008 -0.075 0.121 0.074 0.108 
 
0.083 -0.041 0.024 0.087 0.072 
(0.70) (0.61) (0.92) (0.36) (0.14) (0.37) (0.19) 
 
(0.31) (0.62) (0.77) (0.29) (0.38) 
C 20:2 n6, % 
-0.200 -0.113 -0.059 -0.122 -0.209 0.060 0.049 
 
-0.222 -0.125 -0.193 0.043 0.047 
(0.02) (0.17) (0.48) (0.14) (0.01) (0.47) (0.55) 
 
(<0.01) (0.13) (0.02) (0.60) (0.57) 
C 20:3 n6, % 
-0.077 0.008 -0.055 -0.011 -0.111 0.005 -0.030 
 
-0.168 -0.036 -0.120 -0.031 -0.014 
(0.36) (0.92) (0.50) (0.89) (0.18) (0.95) (0.72) 
 
(0.04) (0.66) (0.14) (0.71) (0.87) 
C 20:4 n6, % 
-0.102 0.003 -0.099 -0.009 -0.061 0.005 -0.040 
 
-0.191 -0.046 -0.141 -0.020 -0.052 
(0.22) (0.97) (0.23) (0.92) (0.45) (0.95) (0.62) 
 
(0.02) (0.58) (0.09) (0.81) (0.53) 
C 20:3 n3, % 
-0.115 -0.081 -0.068 -0.058 0.007 0.073 0.089 
 
0.050 -0.107 -0.024 -0.054 0.036 
(0.17) (0.32) (0.41) (0.48) (0.93) (0.37) (0.28) 
 
(0.54) (0.19) (0.77) (0.51) (0.66) 
C 20:5 n3, % 
-0.012 -0.051 -0.086 -0.051 -0.040 0.061 -0.037 
 
-0.107 0.045 -0.036 0.026 0.009 
(0.89) (0.54) (0.30) (0.53) (0.63) (0.46) (0.66) 
 
(0.19) (0.58) (0.67) (0.76) (0.92) 
C 22:4 n6, % 
-0.069 -0.012 -0.138 0.002 -0.054 0.029 -0.056 
 
-0.175 -0.040 -0.117 -0.006 -0.037 
(0.41) (0.89) (0.09) (0.98) (0.51) (0.73) (0.49) 
 
(0.03) (0.62) (0.15) (0.95) (0.65) 
C 22:5 n3, % 
-0.043 -0.032 -0.098 -0.019 -0.096 0.005 -0.061 
 
-0.200 -0.036 -0.127 -0.041 -0.011 
(0.60) (0.70) (0.23) (0.82) (0.24) (0.95) (0.45) 
 
(0.01) (0.66) (0.12) (0.62) (0.89) 
C 22:6 n3, % 
-0.051 -0.043 -0.058 -0.027 -0.026 0.168 0.058 
 
-0.056 -0.045 -0.037 0.023 -0.004 
(0.54) (0.60) (0.48) (0.74) (0.75) (0.04) (0.48) 
 
(0.49) (0.58) (0.66) (0.78) (0.96) 
SFA, % 
0.231 -0.062 -0.074 0.028 -0.151 0.028 -0.026  -0.092 0.049 -0.029 -0.024 0.038 
(<0.0
1) 






-0.125 0.070 0.072 -0.027 0.209 0.005 0.096  0.203 -0.079 0.066 0.058 0.054 





Table 2.7. Continued. Spearman correlation coefficients of firmness traits with fatty acid methyl ester profile (FAME) and iodine value (IV)
1
 
 Subjective   Objective 
Variable
2






















-0.107 -0.024 -0.038 -0.011 -0.175 -0.018 -0.062  -0.238 -0.044 -0.153 -0.160 -0.042 




-0.231 0.062 0.074 -0.028 0.151 -0.028 0.026  0.092 -0.049 0.029 0.024 -0.038 
(<0.0
1) 







-0.154 0.006 -0.008 -0.008 -0.083 -0.029 -0.051  -0.167 -0.073 -0.132 -0.151 -0.036 
(0.06) (0.94) (0.92) (0.92) (0.31) (0.73) (0.53)  (0.04) (0.38) (0.11) (0.06) (0.66) 
AOCS IV
6 -0.199 0.045 0.079 -0.015 0.016 -0.043 -0.010 
 
-0.023 -0.065 -0.047 0.021 0.055 
(0.02) (0.59) (0.33) (0.85) (0.84) (0.60) (0.91) 
 
(0.78) (0.43) (0.57) (0.79) (0.51) 
1
Bold indicates a correlation coefficient with a P ≤ 0.10. Upper row is the correlation coefficient between traits. P-value for difference from zero provided in 
parentheses. 
2
UFA = unsaturated fatty acids; AOCS = American Oil Chemists’ Society. 
3
WBSF = Warner–Bratzler shear force. 
4
Durometer readings were determined at approximately the 10th rib on both the dorsal and ventral sides of the loin. 
5









PORK LOIN QUALITY IS NOT INDICATIVE OF FRESH BELLY OR FRESH AND 
CURED HAM QUALITY 
ABSTRACT 
The objective was to characterize the relationship between fresh loin qualityand with 
fresh belly or fresh and cured ham quality.  Pigs raised in 8 barns representing two seasons [cold 
(n = 4,290) and hot (n = 3,394)] and two production focuses [lean (n = 3,627) and quality (n = 
4,057)] were used.  Carcass characteristics and other meat quality data were collected on 7,684 
carcasses.  All of the carcasses were evaluated for HCW, LM depth, 10
th
 rib fat depth, leg (ham 
primal) weight, instrumental color on the gluteus medius and gluteus profundus of the ham face, 
and subjective loin quality.  Instrumental loin color and ultimate pH (≥ 22 h postmortem were 
collected on the ventral side of loins along with dimensions and firmness scores of fresh bellies 
from 50% of the carcasses.  Ten percent of the boneless loins and fresh hams were evaluated for 
slice shear force (SSF) or cured ham characteristics. Correlation coefficients between traits were 
computed using the CORR procedure of SAS and considered significantly different from 0 at P 
≤ 0.05. Temperature decline, beginning at 31 min postmortem and concluding at 22 h 
postmortem, for the longissimus dorsi and semimembranosus muscles were evaluated on 10% of 
the carcasses.  Ultimate loin pH was correlated with dimensional belly characteristics (r ≥ |0.07|; 
P < 0.0001) fresh ham instrumental color (r ≥ |0.03|; P ≤ 0.05), and semimembranosus ultimate 
pH (r = 0.33; P < 0.0001).  Further, ultimate loin pH was correlated (P ≤ 0.01) with pump 
retention (r = 0.087) and cooked yield (r = 0.156) of cured hams.  Instrumental L*on the ventral 





significant relationships between the loin, belly, and ham were detected, the variability in belly 
and ham quality explained by variability in loin quality was poor (≤ 22.09%).  Compositional 
differences between the loin and belly may have contributed to those poor relationships.  
Additionally, differences in temperature declines during chilling between the loin and ham likely 
contributed to the weak nature of relationships.  Equilibration of longissimus dorsi temperature 
to ambient cooler temperature occurred at 14 h postmortem (P = 0.0005), yet the 
semimembranosus had not equilibrated with ambient (equilibration bay) temperature (P < 
0.0001) at 22 h postmortem.  Using loin quality to draw conclusions about fresh belly and fresh 
and cured ham quality may be misleading. 
INTRODUCTION 
In recent years, the National Pork Board has emphasized a desire to implement a U.S. 
pork quality grading system.  The loin is often used as the indicator of carcass quality.   Historic 
quality evaluations have focused on the loin (Huff–Lonergan et al., 2002; Boler et al., 2010; 
Arkfeld et al., 2015) with little emphasis on quality of other primals.  However, the belly and 
ham play a large role in determining total carcass value.  Bacon is the most valuable pork retail 
cut (Bureau of Labor Statistics, 2016).  Ham, though among the least valued pork primal on 
dollars per kg basis (USDA, 2014), represents approximately 23.5% of the HCW (Lowe et al., 
2014), therefore making it an important portion of carcass value. In order to develop a system to 
effectively sort carcasses or primal pieces into quality categories based on measurments in one 
primal, an understanding of the relationships among those pieces must be established.  
Correlation coefficients measure the linear relationship between 2 variables when neither can be 





Therefore, the objective was to determine the correlation between fresh loin quality and fresh 
belly or fresh and cured ham quality.     
Given that the loin and ham are considered lean cuts, it was anticipated that consistency 
in the functionality of proteins would drive strong correlations between those two primals.  
Specifically, ultimate pH was expected to be highly correlated between the loin and ham.  Loin 
ultimate pH explained greater than 65% of the variation in subjective loin color, instrumental 
color, and purge loss (Bidner et al., 2004).  However, it was anticipated that chilling differences 
between the ham and loin could compromise those relationships.  Further, fresh bellies are 
comprised largely of adipose tissue.  Thus, poor relationships between the loin and fresh belly 
quality were expected.    
MATERIALS AND METHODS 
 Pigs were slaughtered under the supervision of the U.S.D.A. Food Safety Inspection 
Service at a federally-inspected facility.  Meat was purchased from that facility and transported 
to the University of Illinois Meat Science Laboratory or the U.S.D.A. Meat Animal Research 
Center. Therefore, Institutional Animal Care and Use Committee approval was not necessary.  
Pigs raised in 8 different barns (designated as A through H) representing 2 seasons and 2 
production focuses were used in this study.  Half of the barns were raised and slaughtered in a 
cold season and half of the barns were raised and slaughtered in a hot season.  Half of the pigs 
slaughtered within each season were from the production focus aimed at lean growth and half 
were produced with a focus aimed at desirable meat quality.  Investigators of this study were not 
made aware of management information regarding diet (aside from ractopamine inclusion), 





Pigs and Experimental Design 
Producers of barns A, C, E, and G had production programs focused on lean growth of 
pigs, and barns B, D, F, and H had production programs focused on meat quality.  Three groups 
were marketed from each barn following site specific protocols.  Barns A, B, C, and D were 







 marketing groups from barns A and B were marketed on weeks 1, 3, and 5, respectively.  
On weeks 3, 5, and 7, marketing groups 1, 2, and 3, respectively, were marketed from barns C 
and D.  Similarly, in the hot season, pigs from barns E, F, G, and H were marketed over a 7 wk 
period from July 29 to September 10.  Marketing schedules followed the same pattern as the cold 
season with barns E and F marketing their first groups during wk 1 and barns G and H marketing 
their first groups during wk 3.  This allowed for direct comparison of first marketing groups with 
second marketing groups and second marketing groups with third marketing groups by removing 
the uncertainty caused by day of slaughter.  In line with producer and processing facility standard 
operating procedures, pigs in the second and third marketing groups of barns A and C received 
ractopamine at 5 ppm, but barns B, D, E, F, G, and H did not receive ractopamine at any time 
during finishing.     
Abattoir Data Collection 
Lairage procedures followed normal operating procedures of the abattoir.  Pigs of the 
quality production focus were lairaged overnight at the abattoir (approximately 13 hours) and 
pigs selected for lean growth programs arrived at the abattoir approximately 7 h prior to 
slaughter.  These differences were routine for those types of pigs at the abattoir because of the 
need to slaughter pigs whose meat qualified for a particular program at the same time.  Pigs were 





after evisceration, carcasses were assigned a sequential identification number on the shoulder 
and ham, and each pig’s respective lot tattoo was recorded.  Data were collected on 7,684 
carcasses at the production facility (7,684 was the number of carcasses on which at least one data 
point was recorded; 100% data collection was not achieved for any specific trait, leading to the 
discrepancy in total number of observations for HCW, loin depth, fat depth, and leg weight).  At 
31 min postmortem, loin pH was collected at approximately the 10
th
 rib on every 10
th
 carcass 
(approximately 10% of the population).  These carcasses were noted as the select pigs, used for 
in-depth analyses of loin and ham primal quality, as well as temperature decline of the 
longissimus dorsi and semimembranosus muscles.  Thirty-one min postmortem pH data were 
collected with a REED SD-230 meter (Wilmington, NC)  fitted with a PHE-2385 glass combo 
electrode (Omega; Stamford, CT) during the first and second weeks of the cold season and a FC 
200 B series electrode (Hanna Instruments; Woonsocket, RI) was used for all remaining weeks 
of the study.  At 31 minutes postmortem, temperature data loggers were inserted into the carcass 
(Thermochron-iButton-40C-thru-85C, Embedded Data Systems, Lawrenceburg, KY). The 
longissimus dorsi temperature data logger was placed at approximately the 10
th
 rib in the same 
location pH was measured; semimembranosus temperature was measured posterior to the 
symphysis pubis bone; ambient temperature was recorded by attaching the data logger to a 
shroud pin in the spinous process of the thoracic vertebrae at approximately the 5
th
 rib.  Data 
loggers recorded the time and temperature at 1 min intervals.  The data loggers were removed 
from the carcasses as the carcasses entered the cutting floor (approximately 22 h postmortem).  
Carcasses from both cold and hot seasons were evaluated for iodine value (IV) on the 
right Boston butt primal of the carcass using a NitFOM (Carometec A/S; Smorum, Denmak).  





O-Meater probe (SFK Technology A/S; Herlev. Denmark) on the dorsal midline of the carcass at 
approximately the 10
th
 rib and percent lean was calculated using an abattoir proprietary equation. 
Carcasses were blast-chilled for approximately 100 min.  After exiting the chiller, adipose tissue 
cores, approximately 3.81 cm in diameter, were collected from the right side of every carcass 
from the clear plate (adipose tissue located over the scapula and cervical vertebra) near the dorsal 
midline.  Adipose tissue cores from all carcasses were cut in half (such that all three levels of 
backfat were still present) and used to calculate IV using a Bruker MPA Multi-Purpose FT-NIR 
Analyzer (Bruker Optics, Billerica, MA, USA).  Further, IV was calculated using gas 
chromatography on the select 10% of carcasses.  Fatty acid methyl esters (FAME) were 
converted from lipid using the American Oil Chemists’ Society method C3 2-66 (AOCS, 1998).  
The resulting FAME were analyzed using the procedures of Arkfeld et al. (2015).  Fatty acids 
were normalized such that the area of each peak was represented as the percentage of the total 
area.  Iodine values were calculated using fatty acid profile data (% FAME of total FAME) with 
the following AOCS (1998) equation: IV = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + 
C18:3 (2.616) + C20:1 (0.785) + C22:1 (0.723).  While carcasses chilled in the carcass 
equilibration bays, the vertebral column of all loins and the teat line of all bellies of odd 
sequence numbered carcasses were labeled with sequence numbers that matched the ham and 
shoulder.   
 Approximately 22 h postmortem, carcasses were fabricated into primal pieces. Bellies 
(NAMP #408; North American Meat Processors (NAMP), 2007) and whole legs (modified 
NAMP # 401) were collected and placed into combos for further analyses that same day.  Loins 
were fabricated into boneless Canadian back loins (NAMP #414).  On the ventral side of the 





firmness (1 – 5 subjective scale) were evaluated using NPPC standards on the loin boning and 
trimming line at the time of cutting by an industry professional with over 10 years of pork 
quality research experience (NPPC 1991; NPPC 1999). A subset (approximately 50%) of the 
loins were placed into a combo for further data collection.  
Loins 
Approximately 50% of the entire population of loins (odd numbered carcasses from 
above) was selected for further quality analyses and boneless primal weight. Instrumental L*, a*, 
and b* color evaluations were conducted on the ventral side at approximately 25% and 75% the 
length of the loin using a Hunter Miniscan XE Plus colorimeter (Hunter Lab; Reston, VA) with a 
D65 light source, 10 ° observer, and 25-mm port.  Ultimate pH (> 22 h postmortem) was 
recorded using a pH meter. For data collected during the first wk of the cold season, a REED 
SD-230 meter (Wilmington, NC) fitted with a PHE-2385 glass combo electrode (Omega; 
Stamford, CT) was used.  For all remaining ultimate pH measurements, data were collected with 
a HI 98160 Microprocessor Logging pH/ORP Meter (Hanna Instruments, Woonsocket, RI). 
Loins of the select 10% (identified after evisceration from above) were vacuum-packaged, 
boxed, and transported to the Meat Animal Research Center (Clay Center, NE).  Within, 58 h of 
carcass cutting, loins arrived at USMARC.  Loins were immediately placed on carts in a single-
layer and ventral side up and aged (1 ºC).  Loins were weighed (tared for vacuum packaging bag) 
to record initial loin weight. At 20 d postmortem, loins were removed from their packaging and 
weighed to determine aged weight and purge loss was calculated: [(Initial weight, kg – aged 
weight, kg) / initial weight, kg) × 100].  At 20 d postmortem, loins were prepared for slicing with 
a Grasselli NSL 400 portion meat slicer.  The posterior end of the loin (~4 cm-long) was 





anterior tip of gluteus accessories. The anterior end of the loin was removed by a second cut 
made 396 mm anterior to the first cut leaving a 396-mm-long center-cut loin section that fits the 
width of the Grasselli NSL 400 portion meat slicer. This approach, maximized yield of chops 
with the greatest proportion of their mass/cross-sectional area comprised of longissimus and 
excluded chops with a high proportion of their mass/cross-sectional area comprised of other 
muscles (spinalis dorsi, multifidus dorsi, gluteus medius, and gluteus accessorius). Additionally, 
this approach standardized anatomical location of chop assignment across loins. Chops 5 and 6, 
which correspond approximately to the 11th rib region of the loin, were used for determination 
of slice shear force (SSF).  Immediately after cutting, fresh (never frozen) chops were weighed to 
record initial weight.  The following day (21 d postmortem), chops were cooked using a belt grill 
(Magigrill, model TBG-60; MagiKitch’n Inc., Quakertown, PA) to a desired internal temperature 
of 71 °C. Cooked chops were weighed and cooking loss was calculated: [(Initial weight, g – 
cooked weight, g) / initial weight, g) × 100]. Slice shear force (SSF) was measured using the 
procedures of Shackelford et al. (2004) on 2 chops. The 2 SSF values were then averaged. 
Bellies 
Skin-on bellies (NAMP #408) were weighed and measurements of belly length, depth, 
and width were recorded on approximately 50% of the bellies (odd-numbered carcasses from 
above).  Belly depth (thickness) was measured at 25%, 50% and 75% of the distance from the 
anterior toward the posterior end.  Average belly depth was determined by averaging the three 
depth values.  A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was 
assigned to each belly.  Subjective flop scores were anchored such that a score of 0.5 was 





score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and 
a score of 5 was greater than 25 cm. 
Hams  
Leg primal weight was recorded and instrumental L*, a*, and b* (Konica Minolta CR-
400 colorimeter; Minolta Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm 
aperture) measures were recorded on the gluteus medius and gluteus profundus of the ham face 
on approximately 100% of the hams in the population.  
Select Hams 
Fabrication and Quality Characteristics.  Select hams (targeted 10%) were transported 
in combos via refrigerated  (≤ 4 °C) truck to the University of Illinois Meat Science Laboratory 
where they were fabricated following procedures of Boler et al. (2011).  Briefly, a modified 
NAMP #401 leg (rectus abdominus attached) was trimmed similar to a NAMP #402. Hams were 
then separated into 5 pieces: inside ham (NAMP #402F), outside ham (NAMP #402D), knuckle 
(NAMP #402H), inner shank portion (gastrocnemius muscle) and lite butt.  Weights were 
recorded on all pieces.  Identification of the inside, outside and knuckle was maintained; 
however, inner shank and lite butt identification was not retained as they were not needed for 
further analyses.  Instrumental L*, a*, and b* values (Konica Minolta CR-400 colorimeter; 
Minolta Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm aperture) and 
ultimate pH (MPI pH meter; Meat Probes Inc., Topeka, KS; 2 point calibration at pH 4 and 7) 
were collected on the semimembranosus muscle (blonde spot, medial side).  
  Ham Processing. Each set of inside, outside, and knuckles originating from the same 





production of a NAMP #402G three-piece ham.  Three-piece hams were injected with a multi-
needle injector using a Schroder Injector Marinator model N50 (Wolf-Tec Inc., Kingston, NY) 
with a cure solution to a target of 120% of initial weight.  Cure was formulated to include 1.52% 
salt, 0.33% sodium tripolyphosphate, 0.014% sodium nitrite, and 0.05% sodium erythorbate in 
the finished product. After injection, hams were immediately weighed to determine percent cure 
uptake.  Hams were allowed to drain for 30 minutes on racks placed on a stainless steel table and 
hams were weighed again to determine final pump retention, and final pumped ham weight.  
Percent uptake (initial) and retention (final) were calculated as [(pumped weight – initial weight) 
/ initial weight] * 100.  Hams were allowed to equilibrate for at least two hours before they were 
macerated.  After this time, hams were removed from the nylon net, macerated twice, placed in a 
plastic bag (as a complete set of inside, outside, and knuckle originating from the same ham) and 
tumbled under a vacuum for two hours.  After tumbling, ham pieces were stuffed into nets such 
that the outside portion was on the bottom of the ham, the inside portion was placed on top of the 
outside portion and the knuckle was placed in front of the inside and outside portions towards the 
factory clipped end of the netting.  Hams were weighed to determine stuffed weight.  Stuffed 
yield was calculated as (stuffed weight / initial weight) * 100.  Hams were cooked in an Alkar 
smokehouse (Lodi, WI) for 10 h to a targeted internal temperature of 65.6 °C.  After cooking, 
hams were showered with cold water and moved to a cooler where they were chilled to 4 °C for 
at least 24 h.  Hams were weighed with the casing removed to determine a final cooked weight.  
Final cook yield was calculated as (casing off cooked weight / initial weight) * 100. 
Cured Ham Color. A 2.54 cm thick ham steak was cut using a deli slicer approximately 
75% of the distance from the factory clipped end of the ham such that no portion of the knuckle 





colorimeter; Minolta Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm 
aperture) were collected on the fresh cut surface of the further processed ham.  The ham was 
visually divided into 4 quadrants by dividing the ham in half both vertically and horizontally, and 
a color measurement was recorded in each quadrant.  Reported values are the average of the 4 
measurements.  Ham steaks were vacuum packaged and frozen at -20 °C. 
Binding Strength. Ham steaks used in cured ham color analysis were thawed at 4 °C for 
24 hours.  A standardized sample was prepared by cutting the sample 7.62-cm wide 
perpendicular to the seam of the inside and outside muscles of the ham steak.  The steak was 
broken with constant force applied across the seam using a Texture Analyzer TA.HD Plus 
(Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK).  Samples 
were broken with a 10-mm-diameter crossbar at a crosshead speed of 3.33 mm/s with a 3.81 cm 
platform gap and a 70 mm travel distance.  The force necessary to break the bind is reported in 
kg. 
Proximate Composition. Ham steaks were homogenized in a food processor (Cuisinart, 
East Windsor, NJ).  Moisture and extractible lipid analyses were performed in duplicate.  
Samples were dried in an oven at 110 ˚C for at least 24 h and then lipid was extracted by 
washing the dried sample in an azeotropic mixture of warm chloroform:methanol.  Protein 
concentrations were determined by measuring N content using the combustion method 
(Association of Official Analytical Chemists, 2000; model TruMac, method 990.03, LECO 






Correlation coefficients between longissimus dorsi and semimembranosus temperature 
decline were computed using the correlation option in the REG procedure of SAS.  Correlations 
were considered significant at P ≤ 0.05. Summary statistics for variables used in loin correlations 
were computed using the MEANS procedure of SAS.  Pearson correlation coefficients between 
loin quality and other carcass quality and composition traits were computed using the CORR 
procedure of SAS.  Correlations were considered weak (in absolute value) at r < 0.35, 
correlations were considered moderate at 0.36 ≥ r < 0.67, and strong correlations were those r ≥ 
0.68 (Taylor, 1990). 
 Temperature decline differences between the longissimus dorsi, semimembranosus, and 
ambient temperature of the equilibration bay were determined using the MIXED procedure of 
SAS (v.9.4, SAS Institute Inc., Cary, NC).  The model included the fixed effect of temperature 
recorder location (longissimus dorsi, semimembranosus, or ambient). Least square means were 
separated using the PDIFF option with a Tukey’s adjustment with alpha equal to 0.0001.  
Temperature differences were considered significantly different at P ≤ 0.0001.   
RESULTS  
Pearson Correlation Coefficients of Loin Quality with Fresh Belly Quality 
Carcasses in the current study were representative of commercial carcasses in the U.S. 
pork supply (Table 3.1).  Ultimate loin pH was not correlated with belly flop score (P = 0.51; 
Table 3.2), and weakly correlated (P < 0.0001) with belly length (r = 0.14), width (r = -0.20), 
and depth (r = -0.07).  Relationships among 31 minute loin pH and belly measures were also 
weak.  Thirty-one minute pH was correlated (P ≤ 0.02) with belly flop score (r = -0.08), length (r 





belly flop score (r = 0.20; Table 3.3), length (r = 0.24), width (r = -0.08), and depth (r = 0.13).  
The relationships among loin L* and belly traits were weaker than subjective color score and 
belly traits.  Specifically, loin L* correlated (P < 0.0001) with flop score (r = 0.10) and width (r 
= -0.07) but was not correlated (P ≥ 0.07) with belly length or depth.  Subjective marbling score 
was not correlated with belly width (P = 0.15), but was correlated (P < 0.0001) with belly flop 
score (r = 0.34), length (r = 0.22), and depth (r = 0.19).   
Pearson Correlation Coefficients of Loin Quality with Fresh and Cured Ham Quality 
Relationship of loin and fresh ham traits.  Thirty-one min postmortem pH of loins was 
not correlated (P ≥ 0.17) with L* or a* values of either the gluteus medius or gluteus profundus, 
or semimembranosus L*, a*, or b* values (Table 3.4). There was a lack of correlation (P = 0.95) 
between 31 min loin pH and ultimate semimembranosus pH value.  All L*, a*, b* values for 
gluteus profundus, gluteus medius, and semimembranosus were negatively correlated with 
ultimate loin pH (P ≤ 0.05; Table 3.4).  Gluteus medius L* had the strongest correlation with 
ultimate loin pH (r = -0.34; P < 0.0001). Additionally, semimembranosus L* was correlated with 
24 h loin pH at r = -0.28 (P < 0.0001).  Semimembranosus pH was weakly correlated with loin 
pH at 24 h (r = 0.33; P < 0.0001).  Further, semimembranosus pH was weakly, positively 
correlated with subjective marbling, color, and subjective firmness scores at 1 d postmortem (P ≤ 
0.02; Table 3.5).  Semimembranosus pH was not correlated with 1 d loin L* (P = 0.16). 
Overall, relationships between loin color and ham color were moderate to weak in nature.  
Significant (P < 0.0001; Table 3.5) relationships existed between loin L* and ham muscle L* 
measures; loin L* positively correlated with L* of the gluteus profundus (r = 0.15), gluteus 





significantly correlated with ham muscle a* values (P < 0.0001).  With increased 1 d loin a* 
values, there was an increase (P < 0.0001) in gluteus profundus (r = 0.11), gluteus medius (r = 
0.27), and semimembranosus (r = 0.31) a* values.  Day 1 subjective color values were associated 
with decreased L* in the gluteus profundus (r = -0.14), gluteus medius (r = -0.29), and 
semimembranosus (r = -0.21; P < 0.0001). 
Relationship of loin and cured ham traits.  Ultimate loin pH was weakly, positively 
correlated (P ≤ 0.01) with pump retention (r = 0.09) and cooked yield (r = 0.16; Table 3.6).  
Cook loss was correlated (P < 0.01) with moisture content (r = -0.14), but no other proximate 
composition traits (P ≥ 0.08).  Slice shear force was not correlated (P > 0.77) with pump 
retention or cooked yield, but had weak correlations (P ≤ 0.01) with cured ham color L* (r = 
0.16) and lipid content of the ham (r = -0.13). 
Day 1 loin L*, a*, and b* correlated (P < 0.01; Table 3.7) with cured ham color L* (r = 
0.11), a* (r = 0.33), and b* (r = 0.18), respectively.  Percent moisture of cured, cooked ham was 
consistently negatively correlated to all instrumental loin color measures (P < 0.01).  Percent 
lipid was positively correlated to instrumental and subjective color (P < 0.01).  Protein fat-free 
was correlated (P < 0.01) with loin L* (r = 0.13) and b* (r = 0.15), but not loin a* (P = 0.12).  
Muscle Temperature Decline 
Equilibration of longissimus dorsi temperature to ambient (carcass equilibration bay) 
temperature (approximately 1 °C) occurred at 14 h postmortem (P = 0.0005; Table 3.8; Fig. 
3.1), yet the semimembranosus had not equilibrated with ambient temperature (P < 0.0001) at 22 
h postmortem when the carcasses were fabricated.   At this time point, semimembranosus 





Further, the relationship of the deep muscle temperatures differed over time between the two 
muscles (Fig. 3.2).  At 35 min postmortem, the correlation coefficient of the longissimus dorsi 
temperature with the semimembranosus temperature was 0.37, indicating only a moderate 
relationship between the two muscles.  This relationship weakened through the blast chill process 
until the lowest relationship at 2 h postmortem (r = 0.05).  Large differences in temperature 
before 14 hr (Fig. 3.1; Table 3.8) likely drove this weak correlation.  Specifically, during blast 
chilling (31 min to 2 h postmortem), loins were colder than hams and the correlation between 
muscle temperatures was weak (Fig. 3.2); however, as loins equilibrated with ambient 
temperature (14 h postmortem) and hams began to approach ambient temperature, the 
relationship between the temperature of the longissimus dorsi and semimembranosus became 
stronger. The strongest relationship between semimembranosus and longissimus dorsi 
temperatures occurred at 15 h postmortem (r = 0.74; Fig. 3.2), one hour after the longissimus 
dorsi reached equilibration with ambient temperature.  The relationship between the two muscles 
weakened as the ham temperature continued to decline and the loin temperature remained within 
0.5 °C of its 15 h postmortem temperature.  
DISCUSSION 
A significant caveat for the interpretation of statistical relationships between two traits is 
to avoid the conclusion of a cause-and-effect relationship (Taylor, 1990).  Cause and effect 
relationships can be more appropriately described with coefficients of determination, which 
allows for a more thorough interpretation of the relationship.  A coefficient of determination can 
be calculated by squaring the correlation coefficient.  This provides a calculation for the 





variable (Taylor, 1990).  Because historic norms dictate that carcass quality is determined by loin 
quality, loin quality traits serve as the independent variable in this discussion.   
A strong relationship between the quality traits of the loin, belly, and ham would be ideal 
in pork processing as it would allow implementation of a system to sort whole carcasses into 
quality-based value-added programs at the industry level. For example, a strong relationship 
between loin quality and belly quality would offer opportunity to identify quality bellies using 
loin quality indicators.  Given that sliced bacon prices have sharply increased since 2010, and are 
currently the most expensive retail pork product (Bureau of Labor Statistics, 2016), selection of 
carcasses that possess both quality loins and bellies would be ideal.   
It was hypothesized that loin and belly quality would not be related, due to loin quality 
being driven by pH and fresh belly quality being a function of adipose tissue quality.  
Specifically, ultimate loin pH explained 70% of the variation in subjective loin color, 68% of the 
variation in instrumental loin color, and 77% of the variation in loin purge loss (Bidner et al., 
2004).  Conversely, Kyle et al. (2014) reported significant correlations among belly flop distance 
and percent lipid (r = 0.60) and iodine value (r = -0.58), indicating that belly flop distance is 
related to adipose tissue quality.  The results of the present study indicated that only weak 
relationships between loin and fresh belly existed.  The strongest correlation between loin and 
fresh belly quality indicated that variability in loin slice shear force measures only accounted for 
8.41% of the variability in average belly depth.  Therefore, selecting carcasses solely on loin 
quality will not result in the concurrent selection of carcasses with high quality bellies. 
It was hypothesized that strong correlations would exist between loin quality and fresh 





and belly.  Percent lean of the loin region was 64.46% and the ham was 72.60% (Mitchell et al. 
1998; carcasses in this study were not separated into NAMP primals, rather the carcass was 
separated into shoulder, loin, side, and ham regions).  These primals are a greater percent protein 
than the side (belly) region which was 59.72% lean (Mitchell et al., 1998).   Therefore, given that 
proteins function in a similar manner, independent of their locations within the pork carcass, it 
was expected that strong correlations would occur between loin and ham quality traits.  This 
hypothesis was further supported by the results of Warriss et al. (2006) that indicated L* 
measures made on the cut surface of the pork adductor exposed during splitting of the pork 
carcass explained 59% of the variation in loin quality (overall loin quality scale ranging from 1 = 
dark, firm, and dry to 5 = pale, soft, and exudative).  The study by Warriss et al. (2006) was 
specifically designed to maximize variation in ham color and quality attributes (hams ranged 
from pale, soft, and exudative, to dark, firm, and dry).  In the present study, however, only weak 
correlations existed.  These correlations did follow normal biological patterns.  For example, as 
loin L* increased (became paler) fresh ham muscles also became paler.  However, these 
relationships were not strong enough to be meaningful in a commercial processing facility, as 
variability in loin instrumental L* accounted for no greater than 10.59% of the variability in L* 
of ham instrumental L* values.  Given that weak correlations were observed between loin quality 
and fresh ham quality, it was not surprising to observe a similar result between loin quality and 
cured ham quality.  This was clearly illustrated by the weak relationship between ultimate loin 
pH and cured color L* where variability in loin pH only accounted for 4.84% of the variability in 
cured color L*.  Thus, selecting carcasses with quality loins does not equate to the selection of 





that other factors contribute variation to the postmortem conversion of muscle to meat, and 
therefore drive the weak relationships between loin and fresh ham quality. 
A potential explanation may be loins and hams chilled differently affecting meat quality 
relationships between the loin and ham, therefore driving the weak nature of primal quality 
relationships.  Differences in muscle temperature declines have impacted pork quality in the past.  
A study conducted by Springer et al. (2003) compared a conventional spray chill system with 
blast chilling for 60, 90, 120, or 150 minutes, and concluded that improvements in pork loin 
quality could be made using blast chilling, a more rapid chilling method, for carcasses.  
Specifically, loins from blast chilled carcasses had greater subjective firmness and color scores 
when compared with spray chilled carcass; however, there was no difference due to chilling on 
purge, drip loss, or thaw loss in the loin (Springer et al., 2003).  Shackelford et al. (2012) 
observed differences in pigs sourced from a single barn and genetic line; pigs with carcasses that 
chilled more rapidly (blast chill) had greater loin purge loss and were less tender (15 d 
postmortem) than carcasses chilled in a conventional spray chill system.  However, cured and 
cooked ham quality characteristics were largely unaffected by chill type (Springer et al., 2003).  
In the current study, differences in temperature decline between loins and hams were observed.  
Specifically, loins reached equilibration with ambient temperature (approximately 1 °C) of the 
equilibration bay at 14 h postmortem.  Yet, at 22 h postmortem, when carcasses were fabricated, 
hams temperature had not equilibrated with ambient temperature of the equilibration bay.  The 
hypothesis, that chilling differences resulted in weak correlations between loin and ham quality, 
is further substantiated by weak correlations between ham and loin temperature.  After reaching 
a peak correlation of r = 0.74 at 15 hr postmortem, the relationship between the temperature of 





study clearly indicated differences in muscle temperature at various time points within the same 
carcass. 
Conclusions  
Loin quality traits were correlated with quality traits of the belly, fresh ham and 
processed ham, but loin quality traits explained very little of the variability in belly, fresh ham or 
cured ham quality. The lack of strong correlations between the loin and ham may be due to 
differences in chilling rates.  Loins reached ambient temperature at approximately 14 h 
postmortem, but hams did not reach ambient temperatures, even after 22 h of chilling.  Lack of 
relationships between the loin and belly may be due to compositional differences.  Fresh bellies 
may be as much as 40% extractible lipid while loins are likely no more than 5% extractible lipid. 
Using loin quality to draw conclusions about belly, fresh ham, or cured ham quality may be 
misleading.  A carcass with a high quality loin will not necessarily yield a high quality belly or 
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TABLES AND FIGURES 
Table 3.1. Population summary statistics of pork quality traits and cured ham quality 
Variable N Mean SD Minimum Maximum CV 
  
Loin quality 
pH, 31 min  774 6.55 0.20 5.68 7.07 3.08 
pH, 1d 3990 5.69 0.15 5.37 6.79 2.56 
Color, 1 d 7381 3.09 0.56 1 5 18.27 
Marbling, 1 d 7381 2.13 0.92 0.5 6 43.35 




      
 
L* 3937 52.66 2.49 44.3 62.05 4.73 
 
a* 3937 7.40 1.15 2.94 11.41 15.55 
 
b* 3937 13.64 1.04 9.92 17.63 7.61 
Purge loss (%), 20 d 805 0.92 0.62 0.00 4.71 67.39 
Cook loss (%), 21 d 818 17.28 2.01 8.4 23.15 11.64 






 3646 2.05 0.84 0.5 5 40.95 
Length, cm 3648 69.24 4.31 52.71 84.46 6.23 
Width, cm 3647 35.91 2.45 27.31 44.45 6.81 
Average depth, cm 3648 2.53 0.42 0.85 4.02 16.59 
 
 




      
 
L* 7418 40.60 3.61 22.88 56.98 8.89 
 
a* 7418 15.79 2.18 5.90 27.96 13.79 
 




      
 
L* 7422 45.69 3.37 20.64 68.04 7.38 
 
a* 7420 9.09 1.83 2.83 24.45 20.19 
 




      
 
L* 840 46.57 3.14 36.38 62.33 6.73 
 
a* 841 9.53 1.86 4.27 18.7 19.53 
 
b* 839 1.54 1.56 -4.12 9.43 101.22 
 





Table 3.1. Continued. Population summary statistics of pork quality traits and cured ham quality 
Variable N Mean SD Minimum Maximum CV 
 
 
Cured ham quality 
Pump retention, % 840 16.87 3.27 6.69 36.44 19.41 




      
 
L* 823 65.97 2.72 55.93 75.53 4.13 
 
a* 823 12.22 1.29 8.13 15.89 10.58 
 
b* 823 5.54 0.67 1.18 7.30 12.04 
Bind strength, kg 792 7.76 1.99 2.62 17.39 25.70 
Proximate composition 
      
 
Moisture, % 829 72.74 1.45 67.33 78.57 2.00 
 
Lipid, % 829 5.03 1.58 1.75 13.41 31.50 
 
Protein, % 825 18.99 1.10 15.6 22.25 5.77 
  PFF, %
3
 825 20.00 1.10 16.06 23.05 5.51 
1
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color).  Fresh loin color values were the average of 2 readings per sample.  Fresh ham color 
values were 1 reading per sample.  Cured color values were the average of 4 readings per sample. 
2 
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each 
belly.  Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate 
flop distance of less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 
was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3















-0.08 0.01 -0.22 -0.20 -0.35 
(0.02) (0.51) (<0.0001) (<0.0001) (<0.0001) 
      
Length 
-0.17 0.14 -0.25 -0.16 -0.19 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
      
Width 
0.10 -0.20 0.15 0.00 0.03 
(0.01) (<0.0001) (<0.0001) (0.98) (0.38) 
      
Average depth 
-0.05 -0.07 -0.14 -0.20 -0.29 
(0.16) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in 
parentheses. 
2
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop 
distance of less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 



















0.20 0.34 0.25 0.10 0.17 0.22 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
       
Length 
0.24 0.22 0.05 0.03 0.03 0.09 
(<0.0001) (<0.0001) (<0.01) (0.07) (0.07) (<0.0001) 
       
Width 
-0.08 -0.02 0.03 -0.07 0.09 0.00 
(<0.0001) (0.15) (0.08) (<0.0001) (<0.0001) (0.86) 
       
Average depth 
0.13 0.19 0.18 0.03 0.20 0.20 
(<0.0001) (<0.0001) (<0.0001) (0.14) (<0.0001) (<0.0001) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in parentheses. 
2
Loin measures were on the ventral side of the whole loin. 
3
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color).  Fresh 
loin color values were the average of 2 readings per sample.   
4
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance 
of less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 















     
 
L* 
0.04 -0.14 0.12 0.20 0.09 
 
(0.30) (<0.0001) (<0.01) (<0.0001) (0.01) 
 
      
 
a* 
-0.05 -0.03 -0.06 -0.07 -0.07 
 
(0.17) (0.05) (0.12) (0.06) (0.05) 
 
      
 
b* 
0.21 -0.14 0.16 0.19 0.18 
 




     
 
L* 
-0.03 -0.34 0.14 0.23 0.05 
 
(0.41) (<0.0001) (<0.01) (<0.0001) (0.12) 
       
 
a* 
0.04 -0.08 0.05 0.02 0.04 
 
(0.27) (<0.0001) (0.18) (0.48) (0.30) 
       
 
b* 
0.11 -0.25 0.15 0.19 0.14 
 




     
 
L* 
-0.05 -0.28 0.15 0.23 0.05 
 
(0.20) (<0.0001) (<0.0001) (<0.0001) (0.14) 
       
 
a* 
-0.03 -0.15 0.11 0.08 0.04 
 
(0.42) (<0.0001) (<0.01) (0.02) (0.21) 
       
 
b* 
0.00 -0.27 0.21 0.17 0.05 
 
(0.97) (<0.0001) (<0.0001) (<0.0001) (0.19) 
       
 
pH 
0.00 0.33 -0.30 -0.36 -0.22 
  (0.95) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in parentheses. 
2
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Fresh ham 



















      
 
L* 
-0.14 0.06 -0.07 0.15 -0.04 0.07 
 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.01) (<0.0001) 
        
 
a* 
0.05 0.02 0.03 0.00 0.11 0.08 
 
(<0.0001) (0.07) (0.02) (0.98) <0.0001 (<0.0001) 
        
 
b* 
-0.04 0.06 -0.03 0.05 0.11 0.09 
 




      
 
L* 
-0.29 0.00 -0.12 0.33 -0.06 0.22 
 
(<0.0001) (0.75) (<0.0001) (<0.0001) (<0.01) (<0.0001) 
        
 
a* 
0.10 0.07 0.05 -0.19 0.27 -0.04 
 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.01) 
        
 
b* 
-0.07 0.04 -0.02 0.04 0.18 0.12 
 




      
 
L* 
-0.21 -0.02 -0.08 0.31 -0.06 0.25 
 
(<0.0001) (0.57) (0.02) (<0.0001) (0.10) (<0.0001) 
        
 
a* 
0.04 -0.06 0.01 -0.15 0.31 0.02 
 
(0.26) (0.11) (0.74) (<0.0001) (<0.0001) (0.64) 
        
 
b* 
-0.09 -0.03 -0.01 0.08 0.16 0.15 
 
(0.01) (0.44) (0.82) (0.03) (<0.0001) (<0.0001) 
        
 
pH 
0.13 0.12 0.08 -0.05 -0.07 -0.02 
  (<0.01) (<0.01) (0.02) (0.16) (0.03) (0.57) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in 
parentheses. 
2
Loin measures were on the ventral side of the whole loin. 
3
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Fresh 









Variable pH, 31 min  pH, 1 d 
Purge loss, 20 




0.02 0.09 -0.11 -0.05 -0.01 
(0.59) (0.01) <0.01 (0.13) (0.86) 
       
Cooked yield 
0.05 0.16 -0.11 -0.11 -0.01 




     
 
L* 
0.21 -0.22 0.18 0.20 0.16 
 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
       
 
a* 
0.06 -0.02 0.03 0.03 0.03 
 
(0.11) (0.59) (0.38) (0.33) (0.40) 
       
 
b* 
-0.04 -0.25 0.07 0.15 -0.06 
 
(0.28) (<0.0001) (0.05) (<0.0001) (0.12) 
       Bind strength 0.00 -0.03 -0.04 -0.01 0.00 
  
(0.94) (0.37) (0.31) (0.75) (0.94) 
Proximate composition 
     
 
Moisture 
0.02 0.15 -0.04 -0.14 0.02 
 
(0.59) (<0.0001) (0.28) (<0.01) (0.53) 
       
 
Lipid 
-0.02 -0.04 -0.11 0.03 -0.13 
 
(0.51) (0.26) (<0.01) (0.44) (<0.01) 
       
 
Protein 
-0.10 -0.07 0.09 0.05 0.02 
 
(<0.01) (0.04) (0.04) (0.16) (0.49) 





-0.11 -0.09 0.06 0.06 -0.01 
 (<0.01) (0.01) (0.10) (0.08) (0.72) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in 
parentheses. 
2
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Cured 
color values were the average of 4 readings per sample.  Cured color values were the average of 4 readings per 
sample. 
3





Table 3.7. Pearson correlation coefficients (r) of loin color, marbling, and firmness with cured ham quality
1,2
 










0.06 -0.01 -0.04 -0.01 -0.05 0.00 
(0.08) (0.85) (0.24) (0.87) (0.15) (0.92) 
        
Cooked yield 
0.14 0.09 0.03 -0.13 0.06 -0.10 




      
 
L* 
-0.22 0.00 -0.02 0.11 -0.09 -0.01 
 
(<0.0001) (0.90) (0.60) (<0.01) (0.01) (0.78) 
        
 
a* 
0.14 -0.03 0.00 -0.28 0.33 -0.13 
 
(<0.0001) (0.36) (0.93) (<0.0001) (<0.0001) (<0.01) 
        
 
b* 
-0.02 -0.03 -0.01 0.09 0.15 0.18 
 
(0.67) (0.38) (0.81) (0.01) (<0.0001) (<0.0001) 
        
Bind strength 
0.01 0.03 -0.05 0.03 0.00 0.05 
(0.86) (0.36) (0.16) (0.38) (0.96) (0.13) 
Proximate composition 
      
 Moisture 
-0.03 -0.28 -0.11 -0.16 -0.12 -0.21 
 
(0.39) (<0.0001) (<0.01) (<0.0001) (<0.01) (<0.0001) 
        
 Lipid 
0.17 0.47 0.16 0.17 0.15 0.22 
 
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
        
 Protein 
-0.14 -0.22 -0.03 0.07 -0.09 0.08 
 
(<0.01) (<0.0001) (0.37) (0.05) (0.01) (0.02) 




-0.09 -0.09 0.01 0.13 -0.06 0.15 
  (0.01) (0.01) (0.68) (<0.01) (0.12) (<0.0001) 
1
Upper row is the correlation coefficient between traits.  P-value for difference from zero provided in parentheses. 
2
Loin measures were on the ventral side of the whole loin. 
3
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Fresh 
color values were the average of 2 readings per sample.  Cured color values were the average of 4 readings per 
sample. 
4





Table 3.8. Least square means of temperature decline of the longissimus dorsi muscle,  semimembranosus 








































































































































































 0.03 <0.0001 
abc 





Figure 3.1. Temperature decline of the longissimus dorsi muscle, semimembranosus muscle, and surrounding ambient temperature of 






























Figure 3.2. Pearson correlation coefficients (r) between the longissimus dorsi and semimembranosus muscle temperatures during the 


















































THE USE OF MARKETING GROUPS IN SWINE PRODUCTION CONTRIBUTES 
LITTLE VARIATION IN PORK CARCASS COMPOSITION AND PRIMAL QUALITY 
ABSTRACT 
The objective was to characterize the factors and production practices that contribute to 
variation in pork composition and quality.  It is possible the variation in pork quality traits, such 
as color, marbling, and tenderness, contributes to reduced customer confidence in the 
predictability of finished product quality, and therefore pork products becoming less competitive 
for consumer dollars.  Pigs raised in 8 different barns representing 2 seasons (hot and cold) and 2 
production focuses (lean and quality) were used in this study.  Pigs were marketed in 3 groups 
from each barn and followed commercial marketing procedures.  Data were collected on a total 
of 7,684 pigs. The mivque0 option of VARCOMP procedure in SAS was used to evaluate the 
proportion of variation each independent variable (season, production focus, marketing group, 
sex, and random variation) contributed to total variance.  Random variation including inherent 
biological differences, as well as factors not controlled in this study, contributed the greatest 
proportion to total variation for each carcass composition and quality trait. Pig and other factors 
contributed to 93.5% of the variation in HCW, and marketing group, sex, season, and production 
focus accounted for 4.1%, 1.4%, 0.8%, and 0.3%, respectively. Variation in percent carcass lean 
was attributed to production focus (36.4%), sex (15.8%), and season (10.2%).  Pig and other 
factors contributed the greatest percentage of total variation (39.4%). Loin weight variation was 





pig (68.7%). Belly weight variation was attributed to pig (88.9%), sex (4.1%), marketing group 
(3.8%), production focus (3.0%), and season (0.1%). Variation in ham weight was attributed to 
pig and other factors (93.9%), marketing group (2.8%), production focus (2.2%), and season 
(1.1%).  Ultimate pH variation was attributed to pig (88.5%), season (6.2%), production focus 
(2.4%), marketing group (2.2%), and sex (0.7%).  Aside from pig (71.9%), production focus 
(14.0%) was the next largest contributor to variation in iodine value, followed by sex (13.2%), 
and marketing group (0.9%).  Variation in carcass quality and composition could be accounted 
for, but the greatest percentage of variation was due to factors not accounted for in normal 
marketing practices.   
INTRODUCTION 
 Historically, pork quality is inherently variable (Cannon et al., 1996; Stetzer and 
McKeith, 2003; Klinkner, 2013). Specifically, loin chop color (27.12% CV) and marbling 
(38.14% CV) scores were highly variable (Klinkner, 2013). Pork consumers make purchasing 
decisions based on pork color, discriminating against pork perceived as very light pink (Brewer 
and McKeith, 1999). Greater marbling in pork results in consumers rating product as more 
tender, juicy, and flavorful (Brewer et al., 2001). This coupled with the 8.6% decline in per 
capita consumption of pork retail cuts in the U.S. from 2000 to 2013 (23.2 kg to 21.2 kg; NPB, 
2014) leads to speculation that variation in pork quality traits (i.e. color, marbling, tenderness) 
contributed to reduced customer confidence in the predictability of finished product quality, and 
thus, pork products becoming less competitive for consumer dollars. 
 Producers are focused on minimizing variation as increased variation in a pork carcass 
population results in missed opportunities to reach premium grid qualifications. Specifically, 





Additionally, the majority of pigs in the U.S. are marketed on matrices targeting carcass weight 
and percent lean specifications (Meyer, 2005); reduction of variation in BW at marketing has the 
potential to result in increased value. Before the processor can capture this value, the industry 
must first estimate total variation of pork quality traits and contributors to that variation. Due to 
the use of marketing groups by producers to specifically minimize variation in BW, it was 
hypothesized that marketing group would not contribute to variation in carcass weight, primal 
weight or quality traits.  However, it was hypothesized that sex, season in which the pigs was 
raised, and production focus would contribute variation to weight and quality traits in a 
population of carcasses.     
MATERIALS AND METHODS 
 Pigs were slaughtered under the supervision of the U.S.D.A. Food Safety Inspection 
Service at a federally-inspected facility.  Postmortem meat samples were purchased from that 
facility and transported to the University of Illinois Meat Science Laboratory or the U.S.D.A. 
Meat Animal Research Center. Therefore, Institutional Animal Care and Use Committee 
approval was not necessary.  
Pigs raised in 8 different barns representing 2 seasons and 2 production focuses were 
used in this study.  Half of the barns were raised and slaughtered in a cold season and half of the 
barns were raised and slaughtered in a hot season.  Half of the pigs slaughtered within each 
season were from the production focus aimed at lean growth and half were produced with a focus 
aimed at desirable meat quality.  Investigators of this study were not made aware of management 






Processing Facility Data Collection 
Lairage procedures followed normal operating procedures of the abattoir.  Pigs of the 
quality production focus were lairaged overnight at the abattoir (approximately 13 hours) and 
pigs selected for lean growth program arrived at the abattoir approximately 7 hours prior to 
slaughter.  These differences were routine for those types of pigs at that abattoir because of the 
need to slaughter pigs whose meat qualifies for a particular program at the same time.  Pigs were 
rendered insensible by carbon dioxide stunning and terminated via exsanguination.  Immediately 
after evisceration carcasses were assigned a sequence number on the shoulder and ham, and each 
pig’s respective lot tattoo was recorded (tattoos corresponded to both barn of origin and the truck 
on which the pig was transported).  Data were collected on 7,684 carcasses at the production 
facility (N = 7,684 was the number of carcasses on which at least one data point was recorded; 
100% data collection was not  achieved for any specific trait, leading to the discrepancy in total 
number of observations for HCW, LM depth, fat depth, and leg primal weight).  Immediately 
after evisceration, a target of 10% of pigs delivered to the abattoir were selected for in-depth 
quality analyses of loins and hams.  All carcasses were evaluated for HCW and fat depth and LM 
depth using a Fat-O-Meater probe (SFK Technology A/S; Herlev. Denmark).  Percent lean was 
calculated using an abattoir proprietary equation.  Carcasses were blast-chilled for approximately 
100 min.   After exiting the chiller, adipose tissue cores, approximately 3.81 cm in diameter, 
were collected from the right side of every carcass from the clear plate (adipose tissue located 
over the scapula and cervical vertebra) near the dorsal midline.  Vertebrae of all loins and bellies 
from odd numbered carcasses were labeled with sequence numbers consistent with both the ham 





Approximately 22 h postmortem, carcasses were fabricated into primal pieces. Bellies 
(NAMP #408; North American Meat Processors (NAMP), 2007) and hams (modified NAMP # 
401) were collected and placed into combos for further analyses that same day.  Loins were 
fabricated into boneless Canadian back loins (NAMP #414).  Fresh muscle marbling (1 – 10 
subjective scale) was evaluated using National Pork Producers Council (NPPC) standards on the 
boning and trimming line at the time of cutting by an industry professional with over 10 years of 
pork quality research experience ( NPPC 1999). A subset (approximately 50%) of the loins were 
placed in a combo for collection of ultimate pH and instrumental measurements. 
Loins. Approximately 50% of the entire population of loins (odd numbered carcasses 
from above) was selected for further quality analyses and boneless primal weight. Instrumental 
L*, a*, and b* color evaluations were conducted on the ventral side at approximately 25% and 
75% the length of the loin using a Hunter Miniscan XE Plus colorimeter (Hunter Lab; Reston, 
VA) with a D65 light source, 10 ° observer, and 25-mm port.  Ultimate pH was recorded using a 
pH meter. For data collected during the first wk of the cold season, a REED SD-230 meter 
(Wilmington, NC) fitted with a PHE-2385 glass combo electrode (Omega; Stamford, CT) was 
used.  For all remaining ultimate pH measurements, data were collected with a HI 98160 
Microprocessor Logging pH/ORP Meter (Hanna Instruments, Woonsocket, RI).  Loin weight 
was recorded.  Loins of the select 10% were vacuum-packaged and transported (1ºC) to the Meat 
Animal Research Center (Clay Center, NE).  Within 48 h of carcass cutting, loins arrived at 
USMARC.  Loins were immediately place on carts in a single-layer and ventral side up and aged 
(1ºC).  Loins were weighed (tared for vacuum packaging bag) to record initial loin weight. At 20 
d postmortem, loins were removed from their packaging and weighed to determine aged weight 





Loins were then prepared for slicing with a Grasselli NSL 400 portion meat slicer.  The posterior 
end of the loin (~4 cm-long) was removed by a straight cut perpendicular to the length of the loin 
at a point 5 cm posterior to the anterior tip of gluteus accessories. The anterior end of the loin 
was removed by a second cut made 396 mm anterior to the first cut leaving a 396-mm-long 
center-cut loin section that fits the width of the Grasselli NSL 400 portion meat slicer. This 
approach, maximized yield of chops with the highest proportion of their mass/cross-sectional 
area comprised of longissimus and excluded chops with a high proportion of their mass/cross-
sectional area comprised of other muscles (spinalis dorsi, multifidus dorsi, gluteus medius, 
gluteus accessorius). Additionally, this approach standardized anatomical location of chop 
assignment across loins. Chops 5 and 6, which correspond approximately to the 11th rib region 
of the loin, were used for determination of slice shear force (SSF).  Immediately after cutting, 
fresh (never frozen) chops were weighed to record initial weight.  The following day (21 d 
postmortem), chops were cooked using a belt grill (Magigrill, model TBG-60; MagiKitch’n Inc., 
Quakertown, PA) to a desired internal temperature of 71 °C. Cooked chops were weighed and 
cooking loss was calculated: [(Initial weight, g – cooked weight, g) / initial weight, g) × 100]. 
Slice shear force (SSF) was measured using the procedures of Shackelford et al. (2004) on 2 
chops. The 2 SSF values were then averaged.   
Hams. Whole leg primal weight was recorded and instrumental L*, a*, and b* (Konica 
Minolta CR-400 colorimeter; Minolta Camera Company, Osaka, Japan; D65 light source, 0˚ 
observer, 8 mm aperture) measures were recorded on the gluteus medius and gluteus profundus 
of the ham face on approximately 100% of the hams in the population.  Select hams (targeted 
10%) were transported in combos via refrigerated  (≤ 4 °C) truck to the University of Illinois 





Briefly, a modified NAMP #401 (rectus abdominus attached) leg was trimmed similar to a 
NAMP #402. Hams were then separated into 5 pieces: inside ham (NAMP #402F), outside ham 
(NAMP #402D), knuckle (NAMP #402H), inner shank portion and lite butt.  Instrumental L*, 
a*, and b* values (Konica Minolta CR-400 colorimeter; Minolta Camera Company, Osaka, 
Japan; D65 light source, 0˚ observer, 8 mm aperture) and ultimate pH (MPI pH meter; Meat 
Probes Inc., Topeka, KS; 2 point calibration at pH 4 and 7) were collected  on the 
semimembranosus muscle (blonde spot, medial side).  
Bellies. Skin-on bellies (NAMP #408) were weighed and measurements of belly length, 
depth, and width were recorded on approximately 50% of the bellies (odd-numbered carcasses 
from above).  Belly depth (thickness) was measured at 25%, 50% and 75% of the distance from 
the anterior toward the posterior end.  Average belly depth was determined by averaging the 
three depth values.   
Iodine Value. Iodine value (IV) was calculated using gas chromatography on the select 
10% carcasses.  Fatty acid methyl esters (FAME) were converted from lipid using the AOAC 
official method C3 2-66 (1998).  The resulting FAME were analyzed using the procedures of 
Arkfeld et al. (2015).  Fatty acids were normalized such that the area of each peak was 
represented as the percentage of the total area.  Iodine values were calculated using fatty acid 
profile data with the following AOCS (1998) equation: IV = C16:1 (0.95) + C18:1 (0.86) + 
C18:2 (1.732) + C18:3 (2.616) + C20:1 (0.785) + C22:1 (0.723). 
Statistical Analyses 
Means, variances, and coefficients of variance (CV) of variables were calculated using 





evaluate the proportion of variation each independent variable (marketing group, sex, season of 
production/slaughter, and production focus) contributed to total variance.  Variance that could 
not be attributed to an independent variable (error) was attributed to biological differences 
between pigs, as well as, other factors not controlled for in this study (e.g. diet, barn type, etc.).  
Computed negative variance estimates were treated as contributing zero variation to the 
population. 
Due to the nature of the statistical analysis used in this study, variation percentages total 
to 100% (subtle deviations may occur due to rounding).  Therefore, the goal of the pork industry 
should be to reduce the contribution of variation from independent variables (controlled factors) 
and have the overwhelming majority of variation from factors the producer and/or processor 
does not control (other factors).  It is speculated that control of variation contributed by 
independent variables will result in a decrease in overall variation (variance). 
RESULTS AND DISCUSSION 
Population statistics indicate carcasses used in this study were representative of current 
commercial pork (Table 4.1).  Hot carcass weight (94.50 ± 9.39 kg) was similar to the 96 kg 
dressed weight observed in all barrows and gilts slaughtered in the U.S. in 2014 (USDA AMS, 
2014).  Variance for HCW was 88.13 kg.  Historically, variation in a population of pigs is not 
commonly addressed in peer-reviewed literature.  However, in the 1992 pork quality audit, 
Cannon et al. (1996) reported estimated U.S. market swine live weight.  Over 83% of pigs had a 
final BW in the 3 middle groups of 8 kg categories (100 to 108 kg BW, 109 to 117 kg BW, 118 
to 126 kg BW). To compare this to the current data set, data were sorted in to 6 kg bins (to 





kg).  The middle three bins of the current data set (89 – 107 kg) contained 67.8% of the 
population.  Using this information, it could be extrapolated that variation has increased in the 
U.S. pork population since 1992.  However, there are no direct data available to support or refute 
that conclusion.   
Hot Carcass Weight and Carcass Composition  
Given that over 95% of pigs in the U.S. are sold on matrices targeting optimal carcass 
weight and percent lean (Meyer, 2005), producers use marketing groups to minimize BW 
variation and achieve the maximum number of pigs at a target HCW.  The hypothesis was that 
variation in HCW would be due to pig and other factors, however given that pigs are selected for 
marketing group at a target final BW it was anticipated that marketing group would contribute 
the least of all independent variables to total variation.  Variation in HCW (93.5%) was indeed 
attributed largely to pig and other factors (Fig. 4.1).  Marketing group (4.1%), sex (1.4%), season 
(<1%), and production focus (<1%) also contributed variation to HCW.  Because these results 
indicate that only a small amount of variation in HCW was due to marketing group, producers in 
this study properly managed this independent variable to contribute little variation.   
Pig and other factors contributed the largest variation to carcass composition traits 
(51.2% BF; 60.5% LD; 39.4% percent lean). Remaining variation in BF was attributed to 
production focus (26.7%), sex (17.6%), season (4.5%), and marketing group (0.1%).  Total 
variation in loin depth was attributed to production focus (20.0%), season (16.1%), marketing 
group (2.0%), and sex of the pig (1.4%).  Given that percent lean is the other large driving factor 
in marketing matrices (Meyer, 2005), it is of interest that marketing group did not contribute to 





limit HCW variation were successful in limiting variation in percent lean as well.  Variation that 
was present in percent lean could be attributed to production focus (36.4%), sex (15.8%), and 
season (10.2%).  Seasonality encompasses a variety of factors; for example, during summer 
months, factors such as temperature, relative humidity, etc. have the potential to result in an 
animal which is heat stressed.  Although pigs heat stressed during the finishing phase (≥ 14 wk 
of age; 32 °C, 35% to 50% relative humidity) have decreased separable fat and increased lean 
tissue as a percentage of side weight compared to pigs that have not been heat stressed (Cruzen 
et al., 2015), variances between the two treatments do not necessarily differ. Therefore, 
seasonality did contribute to total variation but it cannot be determined if one season produces 
pork carcasses with more variation in percent lean than the other season.  The variation 
differences that are understood are those due to sex.  Overholt et al. (2016) reported a greater 
variance, and therefore greater variation, in barrows compared with gilts for estimated carcass 
lean.  Thus, it was not surprising that sex contributed to overall variation in percent lean of these 
carcasses.   
Iodine Value 
It was expected that marketing group would contribute little to total variation in IV.  
Previous literature has reported a lack of mean differences between marketing groups for SFA, 
MUFA, PUFA, and IV of belly and jowl adipose tissue measured by gas chromatography 
(Shircliff et al., 2015).  A lack of mean differences between marketing groups would not directly 
translate into differences in variation.  However, consistency in IV means across marketing 
groups lead to the hypothesis that marketing group would contribute minimal variation to the 
overall variation in IV.  In contrast to the weakness in the literature in regards to IV variation due 





barrows and gilts for IV.  Specifically, gilts from this population of pigs had greater variation in 
IV compared to barrows (Overholt et al., 2016).  Therefore, it was anticipated that sex would 
contribute to total variation in IV.  Pigs used in this study were produced targeting different 
value added pork programs and therefore were produced with differing production focuses.  This 
differing focus resulted in numerically different back fat depths between the two populations 
(14.30 mm lean vs. 17.40 mm quality; data not presented).  Although mean values would not 
necessarily translate into variation differences, it was anticipated that the production of pigs with 
such a range in back fat depths would lead to great variation in the overall population.  Increased 
back fat thickness is related to increased SFA and MFA, and reduced PUFA content (Lo Fiego et 
al., 2005).  Pigs which are genetically leaner had lower de novo fatty acid synthesis and greater 
lipolysis than fatter pigs (Scott et al., 1981a,b).  Therefore, it was expected that production focus 
would contribute variation to iodine value.  In the current study, marketing group contributed 
little variation to IV (0.09%; Figure 4.1). Further, season had no effect on variation contributing 
less than 0.1% of the total variation in IV.  However, production focus (14.0%) and sex (13.2%) 
did contribute to variability in IV. In line with all other traits in this study, pig and other factors 
in this study contributed the greatest variation in IV (71.9%).  These results agree with 
previously stated hypotheses.  Iodine value not only has consistent means across marketing 
groups (Shircliff et al., 2015), but data from the current study allow for the conclusion that 
marketing group had virtually no (< 1%) impact on total variation of IV.  Further, differences in 
IV variation between barrows and gilts reported by Overholt et al. (2016) resulted in sex 
contributing to overall variation in IV.   





Due to the manner in which pigs are marketed in the U.S., reduced variation of carcass 
composition traits directly benefits the pork producer, whereas reduced variation of primal 
weight and pork quality traits offers value to the pork processor. Variation in boneless loin 
weight, belly weight, and ham weight was largely accounted for by pig and other factors not 
controlled for in this study at 68.7%, 88.9%, and 93.9%, respectively (Figure 4.2).  Further 
variation in loin weight was accounted for by production focus (21.4%), sex (5.4%), season 
(2.7%), and marketing group (1.8%).  Remaining variation in belly weight was attributed to sex 
(4.1%), marketing group (3.8%), production focus (3.0%) and season (0.1%).  Finally, the 
remaining 6.1% of variation in ham weight was accounted for by marketing group (2.8%), 
production focus (2.2%), and season (1.1%).  Sex did not contribute any variability to ham 
weight.  Because marketing group contributed ≤ 3.8% of the variation in primal weights, the use 
of marketing groups contributed little variation to pork primal weights.  Largely, the proportion 
that each independent variable contributed to individual primal weight variation was in line with 
HCW variation results, with the exception of the contribution of production focus to loin weight 
variation.  Furthermore, there was not a large numerical difference in boneless loin weight 
between the two production focuses (lean focus = 3.95 kg, quality focus = 3.55 kg, data not 
presented in tabular form).  Bone-in loin weights were not recorded in this study, so it is 
uncertain if primal weights were different from each other.  If it is assumed bone-in primal 
weights were relatively equal, the increased fat depth (lean focus = 14.30 mm, quality focus = 
17.40 mm) in the quality focus could have resulted in greater variability due to trimming.  
However, concrete conclusions on this hypothesis cannot be drawn as bone-in primal weights 
were not recorded and variability differences in loin weights between production focuses were 






Recent research suggested there is variation present in pork loin chops in the retail case 
(Klinkner, 2013), specifically in measures of L* (SEM = 3.70; CV = 6.69%), a* (SEM = 3.11; 
CV = 52.87%), b* (SEM = 1.84; CV = 49.19%), pH (SEM = 0.30; CV = 5.03%), and WBSF 
(SEM = 6.70 kg; CV = 28.68%).  Variation in the current study was not as large (Table 4.1) as 
that previously reported.  The differences in variation of the two populations could be attributed 
to both uncertainty and variability, the two components of variation (van Belle, 2008).  
Uncertainty refers to precision associated with measurement.  Given that protocols differed 
between Klinkner (2013) and the present study, both differences in uncertainty and variability 
are likely present between studies. Klinkner (2013) evaluated pork from a much broader genetic, 
production, and processing background likely with differences in factors that impact pork 
quality: genetics (Brewer et al., 2002), production system (Honeyman and Harmon, 2003; Lebret 
et al., 2006), diet (Benz et al., 2010; Leick et al., 2010; Xu et al., 2010), feed additives (Leick et 
al., 2010; Hinson et al., 2011, 2012) marketing group (Lowe, 2014, 2016), transportation 
procedures (Carr et al., 2008; Ritter et al., 2009; Correa et al., 2013), lairage time (Gajana et al., 
2013; Dokmanović et al., 2014), carcass chilling procedures (Springer et al., 2003; Shackelford 
et al., 2012; Blakely, 2014).  Using carcass chilling as an example, Shackelford et al. (2012) 
observed differences in pigs sourced from a single barn and genetic line; pigs with carcasses that 
chilled more rapidly (blast chill) had greater loin purge loss percentages and were less tender (15 
d postmortem) than carcasses chilled in a conventional spray chill system.  Further, standard 
deviation for loin SSF was numerically greater in plants with blast chilling compared to the plant 





Similar to other traits in this study, the biological variation in pig and other factors 
accounted for the majority of total variation in loin composition and quality traits (Fig. 4.3 & 
4.4).  Pig and other factors were the overwhelming contributor to variation in objective loin color 
(Fig. 4.3); 70.5% of L* variation, 84.3% of a* variation, and 70.9% of b* variation.  Marketing 
group did not contribute to total variation of instrumental loin color.  It is interesting to find that 
an indirect result of selecting for consistent carcass composition traits through multi-marketing 
group strategies was to eliminate variation in color caused by marketing group.  This was 
surprising as previous research reported a 1.41 unit and 1.51 unit increase in L* value from 
marketing group 1 to marketing groups 2 and 3, respectively (Lowe et al., 2014).  Further, a 0.35 
unit decrease and a 0.75 unit increase were observed in loin a* value from marketing group 1 to 
marketing groups 2 and 3 respectively (Lowe et al., 2014).  The remaining variation in loin L* 
was attributed to season (17.2%), production focus (9.1%), and sex (3.3%); loin a* 13.9% by 
season, 1.6% by production focus, and 0.2% by sex; and loin b* 21.5% by season, 4.8% by sex, 
and 2.8% by production focus.   
Mean loin pH differences among marketing groups have been reported (Lowe et al., 
2014) as well as season of transport (Correa et al., 2013).  Less than 15% of the variation in loin 
ultimate pH was attributed to factors other than pig (Fig. 4.3).  This indicates that producers are 
currently using management steps that attribute little variation in loin ultimate pH or that 
variation in ultimate pH is due to practices at the abattoir.  D’Souza et al. (1998) reported that 
pigs handled negatively at the plant had a decreased pH (pooled effects of the longissimus 
thoracis and biceps femoris) at 45 and 70 min postmortem, but not 24 h postmortem when 
compared with minimally handled pigs.  Although this study did not specifically test differences 





These differences resulted in increased exudate in the longissimus thoracis and biceps femoris, as 
well as, and increased percentage of pale, soft, and exudate (PSE) loins due to negative handling 
(D’Souza et al., 1998).  Additionally, increased time (70 min) of a carcass on the processing 
floor before chilling did not significantly affect pH at any time point, but did result in paler pork 
when compared with carcasses that spent a shorter time (45 min) on the processing floor 
(D’Souza et al., 1998).  In the current study, variation in ultimate pH was attributed to by pig 
(88.5%), 6.2% by season, 2.4% by production focus, 2.2% by marketing group, and 0.7% by sex 
(Figure 4.3).  However, the same is not true for pork tenderness.  Although 62.7% of the 
variation in SSF was accounted for by pig, 23.4% was attributed to season, 11.2% to production 
focus, and 2.8% to sex.  No variation in SSF could be attributed to marketing group.  Season 
contributed no variation to subjective marbling score and marketing group contributed less than 
0.1%.  Variation in subjective marbling score was accounted for by pig (48.9%), production 
focus (39.0%), and sex (12.0%).  Use of marketing groups by pork producers result in minimal 
contribution of variation to loin quality traits.   
Belly and Ham Quality 
Sliced bacon has increased sharply in value since 2010, and is the most expensive pork 
product (Bureau of Labor Statistics, 2016).  Therefore, minimizing variation in raw belly 
characteristics offers the potential to further capture value form the pork belly.  Pig and other  
factors contributed the largest variation to belly width, length, and average depth, 70.4%, 75.2%, 
83.6%, respectively (Fig. 4.5).  Remaining variation in belly weight was attributed to sex (4.1%), 
marketing group (3.8%), production focus (3.0%), and season (0.1%).  Belly width variation was 
attributed to by marketing group (15.9%), season (11.9%), production focus (1.7%), and sex 





variation, while remaining variation was accounted for by season (1.2%), sex (0.7%), and 
marketing group (0.3%).  Average belly depth variation was attributed to sex (10.4%), marketing 
group (2.6%), production focus (2.6%), and season (0.8%). 
Pig accounted for greater than 91% of variation in semimembranosus pH, and 
semimembranosus objective color (Fig. 4.6), thus indicating that sex, season, and the 
management techniques of marketing group and production focus are all working to manage ham 
variation.  Relatively small variation was present in semimembranosus pH, L*, and a*, as 
indicated by a low CV (Table 4.1).  Yet, semimembranosus b* has a CV of 101.22%.  The 
factor(s) driving the variation are largely due to pig and/or a production practice not evaluated in 
the present study.  Nonetheless, independent variables of the current study still offered an avenue 
to reduce variation (Fig. 4.6).  Ninety-three percent of the variation in semimembranosus pH was 
accounted for by pig, 4.2% by season, 1.8% by marketing group, 1.0% by production focus, and 
less than 0.1% by sex.  Pig and other factors accounted for 95.3% of semimembranosus L*; 
further variation was accounted for by season (3.0%), marketing group (0.8%), sex (0.6%), and 
production focus (0.3%).  Semimembranosus a* variation was attributed to 91.6% by pig, 6.8% 
by season, 1.1% by production focus, and 0.4% by sex.  Marketing group did not contribute 
variation to semimembranosus a*.  Similarly, sex did not contribute to total variation in 
semimembranosus b*.  Variation in this trait was accounted for largely by pig (98.0%), but 
additionally by marketing group (1.0%), season (0.9%), and production focus (0.01%).  Overall, 
similar to loin instrumental color, marketing group did not account for much of the variation in 
ham color.  This was again surprising as peer reviewed literature indicated that although mean 
L* value is not affected by marketing group, mean a* and b* values were affected (Lowe et al., 





barrows (both immunologically and physically castrated) of one genetic background.  Further, 
standard error of the means were greater for L*, a*, and b* in the study of Lowe et al. (2016) 
compared with the current study indicating differences in overall variation between studies. 
Conclusions 
 Variation exists in the pork industry.  Management of this variation offers great potential 
to add value to the U.S. pork industry by the number of carcasses falling outside of premium 
qualifications and fresh meat from missing quality specifications.  With the exception of belly 
width, marketing group attributed ≤ 4.1% of the total variation of hot carcass weight, fat depth, 
loin depth, percent lean, iodine value, loin weight, loin instrumental color measures, loin pH, 
slice shear force, marbling score, belly weight, belly length, belly depth, ham weight, ham pH, 
and ham instrumental color, thus indicating that use of marketing groups by producers to control 
variation in final BW is effective in controlling variation in primal weights and quality 
characteristics.  For all traits measured in this experiment, pig and other factors accounted for the 
majority of variation.  Independent variables other than pig and other factors accounted for less 
than 8.5% of the total variation in carcass weight, ham weight, and ham quality traits.  Because 
the total contribution of independent variables for these traits is low, it indicates that producers 
are effectively managing the independent variables evaluated in this study.   However, for 
carcass composition traits, and loin and belly quality traits, the independent variables of 
production focus, season, and sex contribute to a large percentage of overall variation. An 
understanding of the sources of variation in the U.S. pork supply provides a foundation for 
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TABLES AND FIGURES 
Figure 4.1. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to hot 
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E. Iodine Value 





 Figure 4.2. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to 






C. Ham Weight 

















Figure 4.3. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to loin 





































Figure 4.4. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to loin 





























C. Marbling Score 





 Figure 4.5. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to belly 
































C. Average Belly Depth 





Figure 4.6. Percent of total variation that sex, season, marketing group, production focus, and pig (random error) contributed to 




















A. Semimembranosus pH 1.8 0.6 3.0 0.8 
0.3 
95.3 





C. Semimembranosus a* 0.9 1.0 0.1 
98.0 
D. Semimembranosus b* 





Table 4.1. Number, mean, and variance of each trait used in this study. 






Hot carcass weight, kg 7576 94.50 9.39 0.11 88.13 9.93 
Fat depth, mm 6920 15.41 4.00 0.05 15.96 25.93 
Loin depth, mm 6920 68.00 8.52 0.10 72.62 12.53 
Percent lean, % 6920 57.63 2.76 0.03 7.63 4.79 
Iodine value (g/100g of 
Fatty acid methyl esters) 
848 75.78 3.63 0.12 13.17 4.79 
Loin weight, kg 3973 3.75 0.49 0.01 0.24 13.07 
Loin L*
1
 3937 52.66 2.49 0.04 6.21 4.73 
Loin a*
1
 3937 7.40 1.15 0.02 1.32 15.55 
Loin b*
1
 3937 13.64 1.04 0.02 1.08 7.61 
Ultimate pH 3990 5.69 0.15 0.002 0.02 2.56 
Slice shear force, kg 818 14.80 5.50 0.19 30.24 37.16 
Marbling score 7381 2.13 0.92 0.01 0.85 43.35 
Belly weight, kg 3648 7.43 1.15 0.02 1.32 15.48 
Belly length, cm 3648 69.24 4.13 0.07 18.59 6.23 
Belly width, cm 3647 35.91 2.45 0.04 5.98 6.81 
Average belly  depth, cm 3648 2.53 0.42 0.01 0.18 16.59 
Ham weight, kg 7539 11.74 1.10 0.01 1.20 9.33 
Semimembranosus pH 842 5.66 0.28 0.01 0.08 4.97 
Semimembranosus L*
1
 840 46.57 3.14 0.11 9.83 6.73 
Semimembranosus a*
1
 841 9.53 1.86 0.06 3.47 19.53 
Semimembranosus b*
1
 839 1.54 1.56 0.05 2.42 101.22 
1
L* measures darkness to lightness (greater L* value indicates a lighter color); a* measures redness (greater a* 







EFFECTS OF MARKETING GROUP ON THE QUALITY OF FRESH AND CURED 
HAMS SOURCED FROM A COMMERCIAL PROCESSING FACILITY 
ABSTRACT 
The objective was: 1) to characterize the effect of marketing group on fresh and cured 
ham quality, and 2) to determine which fresh ham traits correlated to cured ham quality traits. 
Pigs raised in 8 barns representing two seasons (hot and cold) and two production focuses (lean 
and quality) were used. Three groups were marketed from each barn. A total of 7,684 carcasses 
were used for data collection at the abattoir.  Every 10
th
 carcass was noted as a select carcass for 
in-depth ham quality analyses.  Leg primal weight and instrumental color were measured on 
100% of the population. On the select 10% of the population, hams were fabricated into sub-
primal pieces, and three-piece hams were manufactured to evaluate cured ham quality and 
processing yield. Data were analyzed as a split-plot design in the MIXED procedure of SAS with 
production focus as the whole-plot factor, and marketing group as the split-plot factor. Pearson 
correlation coefficients between fresh and cured ham traits were computed.  There were no 
differences (P ≥ 0.15) in instrumental color or ultimate pH (P ≥ 0.14) among fresh ham muscles 
from any marketing group.  The only exception was the semimembranosus of marketing group 2 
was lighter than marketing group 1 (P = 0.03) and the dark portion of the semitendinosus muscle 
from group 1 was lighter than from group 3 (P = 0.01).  There were no differences (P ≥ 0.33) in 
ultimate pH of fresh ham muscles between production focuses, but several muscles from quality 
focus pigs were lighter in color than ham muscles from lean focus pigs.  The lack of differences 





focus pigs had greater lipid content (P < 0.01) than hams from lean focus pigs.  Cured lightness 
values of hams from marketing group 1 and 2 were 1.52 units lighter than hams from marketing 
group 3 (P ≤ 0.01). Overall, marketing group did not impact ham quality.  Fresh ham quality was 
not strongly related to cured ham quality. Some correlations were present between fresh and 
cured ham traits, but those relationships were likely not strong enough to be used as a sorting 
tool for fresh hams to generate high quality cured hams. 
INTRODUCTION 
Processed pork products encompass nearly 75% of all in-home-consumed pork.  Further, 
nearly 60% of fresh ham produced in the United States is used to make cured ham.  Therefore, it 
is imperative to understand the relationship between fresh ham quality and cured ham quality.  
Additionally, nearly all pigs in the U.S. are sold in marketing groups designed to reduce variation 
in BW and HCW (Meyer, 2005). Therefore, it is equally important to understand differences in 
fresh and cured ham quality among marketing groups. Even though the ham is one of the least 
valued pork primals on a dollars per kg weight basis (USDA, 2014), it represents nearly 25% of 
HCW (Lowe et al., 2014); making it among the most valuable primals in terms of absolute 
dollars.   
Lowe et al., (2016) reported the ultimate pH of the semimembranosus muscle decreased 
with marketing group.  Although decreases in pH would indicate decreased quality, Lowe et al. 
(2016) reported increased a* and protein fat-free values in cured hams from pigs of marketing 
group 3 compared with 1 and 2.  Even though fresh ham quality was strongly correlated among 
muscles within a ham (r = 0.50 to 0.84; Boler et al., 2011) the relationship between fresh and 
cured ham quality has not been established.  Based on previous reports, it was hypothesized that 





marketing group would be more red in color and have greater protein fat-free values. It was also 
hypothesized that fresh ham instrumental color would be strongly correlated with cured ham 
traits.  Therefore, the objective of this study was two-fold: 1) to characterize the effect of 
marketing group on fresh and cured ham quality, and 2) to determine which fresh ham traits 
correlated to cured ham quality traits.   
MATERIALS AND METHODS 
 Pigs were slaughtered under the supervision of the U.S.D.A. Food Safety Inspection 
Service at a federally-inspected facility.  Hams were purchased from that facility and transported 
to the University of Illinois Meat Science Laboratory. Therefore, Institutional Animal Care and 
Use Committee approval was not necessary.  
Pigs raised in 8 different barns (designated as A through H) representing 2 seasons and 2 
production focuses were used in this study.  Half of the barns were raised and slaughtered in a 
cold season (February 11 to March 26) and half of the barns were raised and slaughtered in a hot 
season (July 29 to September 10).  Half of the pigs slaughtered within each season were from the 
production focus aimed at lean growth and half were produced with a focus aimed at desirable 
meat quality.   
Pigs and Experimental Design 
  Pigs from barns A, B, C, and D were slaughtered over a 7 wk period in February and 
March (cold season).  Similarly, in the hot season, pigs from barns E, F, G, and H were marketed 
over a 7 wk period from July through September.  Producers of barns A, C, E, and G had 
production programs focused on lean growth of pigs, and barns B, D, F, and H had production 











 marketing groups from barns A and B were marketed on 
wk 1, 3, and 5, respectively.  On wk 3, 5, and 7, marketing groups 1, 2, and 3, respectively, were 
marketed from barns C and D.  Marketing schedules during the hot season followed the same 
pattern as the cold season with barns E and F having their first groups marketed during wk 1 and 
barns G and H having their first groups marketed during wk 3.  This allowed for direct 
comparison of first marketing groups with second marketing groups and second marketing 
groups with third marketing groups by removing the uncertainty caused by day of slaughter.     
Lairage procedures followed normal abattoir operating procedures.  Pigs of the quality 
production focus were lairaged overnight at the abattoir (approximately 13 hours) and pigs 
selected for lean growth programs arrived at the abattoir approximately 7 h prior to slaughter.  
These differences were routine for those types of pigs at that abattoir because of the need to 
slaughter pigs whose meat qualifies for a particular program at the same time.  Pigs were 
rendered insensible by carbon dioxide stunning and terminated via exsanguination.  Immediately 
after evisceration, carcasses were assigned a sequential identification number on the shoulder 
and ham and each pig’s respective lot tattoo was recorded.  A total of 7,684 pigs were used for 
data collection at the abattoir.  Every 10
th
 carcass (approximately 10% of the population) was 
noted as a select carcass for in-depth ham quality analyses.  Carcasses were blast chilled for 
approximately 100 minutes.   
 Approximately 22 h postmortem, carcasses were fabricated into primal pieces. Hams 
were collected and placed into combos for further analysis that same day.  Leg weight [modified 
NAMP # 401 (rectus abdominus attached); North American Meat Processors (NAMP), 2007] 





gluteus profundus using a Minolta colorimeter (Konica Minolta CR-400 colorimeter; Minolta 
Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm aperture).  
Select Hams 
Fabrication and Quality Characteristics.  Hams (N = 846) were transported in combos 
via refrigerated truck to the University of Illinois Meat Science Laboratory where they were 
fabricated into sub-primal pieces and analyzed for meat quality traits.  Legs were trimmed to 
meet the specifications of a NAMP #402 fresh skinned and trimmed ham and weighed again to 
obtain a trimmed weight.  Hams were fabricated into 5 pieces: inside ham (NAMP #402F), 
outside ham (NAMP #402E, denuded of fat), knuckle (NAMP #402H), inner shank portion 
(gastrocnemius muscle) and lite butt.  Weights were recorded on all pieces.  Weight of the whole 
leg, trimmed ham, and each of the 5 pieces were expressed as a percentage of hot carcass weight 
and calculated as: [piece weight / (HCW/2)] * 100.   Identification of the inside, outside and 
knuckle was maintained; however, inner shank and lite butt identification was not retained as 
they were not used for further analysis.  Instrumental L*, a*, and b* values and ultimate pH 
(MPI pH meter; Meat Probes Inc., Topeka, KS; 2 point calibration at pH 4 and 7) were collected  
on the semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus  
dark portion (proximal edge where the head of the femur was removed), semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 
and rectus femoris (proximal face). 
Ham Processing. Each set of inside, outside, and knuckles originating from the same 
trimmed ham were stuffed into nylon nets and weighed to determine initial (green) weight for the 





needle injector using a Schroder Injector Marinator model N50 (Wolf-Tec Inc., Kingston, NY) 
with a cure solution to a target of 120% of initial weight.  Cure was formulated to include 1.52% 
salt, 0.33% sodium tripolyphosphate, 0.014% sodium nitrite, and 0.05% sodium erythorbate in 
the finished product. After injection, hams were immediately weighed to determine percent 
pump uptake.  Hams were allowed to drain for 30 minutes on racks placed on a stainless steel 
table and hams were weighed again to determine final pump uptake (pump retention), and final 
pumped ham weight.  Percent uptake (both initial and final) were calculated as [(pumped weight 
– initial weight) / initial weight] * 100.  Hams were allowed to equilibrate for at least two hours.  
After this time, hams were removed from the nylon net, macerated twice, placed in a plastic bag 
(as a complete set of inside, outside, and knuckle originating from the same ham) and tumbled 
under a vacuum for two hours.  After tumbling, ham pieces were stuffed into nets such that the 
outside portion was on the bottom of the ham, the inside portion was placed on top of the outside 
portion and the knuckle was placed in front of the inside and outside portions towards the factory 
clipped end of the netting.  Hams were weighed to determine stuffed weight.  Stuffed yield was 
calculated as (stuffed weight/initial weight) * 100.  Hams were cooked in an Alkar smokehouse 
(Lodi, WI) for 10 h to a targeted internal temperature of 65.6 °C.  After cooking, hams were 
showered with cold water and moved to a 4 °C cooler where they were chilled for at least 24 h.  
Hams were weighed with the casing removed to determine a final cooked weight.  Final cook 
yield was calculated as (cooked weight/initial weight) * 100.  Cured ham weights as a percentage 
of hot carcass weight were calculated as [ham weight / (HCW/ 2)] * 100. 
Cured Ham Color. A 2.54 cm thick ham steak was cut using a deli slicer approximately 
75% of the distance from the factory clipped end of the ham such that no portion of the knuckle 





colorimeter; Minolta Camera Company, Osaka, Japan; D65 light source, 0˚ observer, 8 mm 
aperture) were collected in the fresh cut surface of the cured ham.  The ham was visually divided 
into 4 quadrants by dividing the ham in half both vertically and horizontally, and a color 
measurement was recorded in each quadrant.  Reported values are the average of the 4 
measurements.  Ham steaks were vacuum packaged and frozen at -20 °C. 
Binding Strength. Ham steaks used in cured ham color analysis were thawed at 4 °C for 
24 hours.  A standardized sample was prepared by cutting the sample 7.62-cm wide 
perpendicular to the seam of the inside and outside muscles of the ham steak.  The steak was 
broken with constant force applied across the seam using a Texture Analyzer TA.HD Plus 
(Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK).  Samples 
were broken with a 10-mm-diameter crossbar at a crosshead speed of 3.33 mm/s with a 3.81 cm 
platform gap and a 70 mm travel distance.  The force necessary to break the bind is reported in 
kg. 
Proximate Composition. Ham steaks were homogenized in a food processor (Cuisinart, 
East Windsor, NJ).  Moisture and extractible lipid analyses were performed in duplicate.  
Samples were dried in an oven at 110˚ C for at least 24 h and then lipid was extracted by 
washing the dried sample in an azeotropic mixture of warm chloroform:methanol.  Protein 
concentrations were determined by measuring N content using the combustion method 
(Association of Official Analytical Chemists, 2000; model TruMac, method 990.03, LECO 
Corp., St. Joseph, MI). Protein fat-free was calculated as [% protein / (100 - % lipid)] x 100. 
Statistical Analyses. Data were analyzed as a split plot design in the MIXED procedure 





production focus, marketing group, and the interaction between production focus and marketing 
group. The random statement included barn (the blocking factor) and sex of the pigs.   The whole 
plot factor of production focus was tested with the error term of the interaction between barn and 
production focus and split plot factors of marketing group and the interaction between marketing 
group and production focus were tested with the three way interaction of marketing group, 
production focus, and barn.  A multi-variance model was fit using the repeated statement with 
the interaction of marketing group and production focus as the grouping variable.  A 
Satterthwaite adjustment was also used.  Separation of least square means was conducted using 
the PDIFF option with a Tukey’s adjustment.  Probability values were calculated using a two 
sided test with a significant difference at P ≤ 0.05.   
Pearson correlation coefficients between ham quality traits were computed using the 
CORR procedure of SAS.  Relationships were considered significant at P ≤ 0.05.  Correlations 
were considered weak (in absolute value) at r < 0.35, correlations were considered moderate at 
0.36 ≥ r < 0.67, and strong correlations were those r ≥ 0.68 (Taylor, 1990). 
RESULTS 
Ham Weights and Fresh Muscle Quality 
An interaction between production focus and marketing group existed for HCW (P < 
0.0001; Fig. 5.1).  Specifically, within the quality production focus, pigs marketed in group 3 
(90.58 kg) had 6.4% lighter carcasses than pigs marketed in group 1 (96.35 kg; P < 0.0001) and 
4.8% lighter carcasses than pigs marketed in group 2 (95.14 kg; P < 0.0001).  Within the lean 
production focus, HCW was not different among marketing groups (P ≥ 0.99).  Leg weights and 





focus groups, except for the inside ham (Table 5.1).  Inside ham weight was 7.8% heavier in 
pigs of the lean production focus than the quality production focus (P < 0.0001).  Leg weight 
was 1.7% heavier, when expressed as a percentage of HCW, in carcasses from pigs slaughtered 
in marketing group 3 compared with pigs slaughtered in marketing group 1 (P = 0.01).  This 
persisted in increased trimmed ham weight (as a percentage of HCW) in pigs from marketing 
group 3 compared with marketing group 1 (P = 0.02).  Further, inside, outside, knuckle, and 
shank weights, as a percentage of HCW, were heavier in carcasses from marketing group 3 
compared with marketing group 1 (P ≤ 0.04, Table 5.1).  Lite butt weights, presented as a 
percentage of HCW, did not differ among marketing groups (P = 0.26).   
The dark portion of the semitendinosus, adductor, and biceps femoris from pigs in the 
lean focus group were darker (P ≤ 0.04; decreased instrumental L* value) compared with those 
muscles from pigs in the quality focus groups (Table 5.2).  There were no differences in 
instrumental a* of fresh ham muscle between production focuses (P ≥ 0.41).  Marketing group 
did not impact (P ≥ 0.30) instrumental color measures of the gluteus profundus or gluteus medius 
measured on the ham face in the commercial processing facility (Table 5.2).  Further, when 
hams were fabricated, there were no differences (P ≥ 0.06) in instrumental color for the adductor, 
light portion of the semitendinosus, biceps femoris, vastus lateralis, or rectus femoris.  
Semimembranosus muscles from pigs marketed in the first group were darker (P = 0.02) than 
from pigs marketed in the second group and the dark portion of the semitendinosus muscle from 
pigs marketed in the third group were darker (P = 0.01) than from pigs marketed in the first 
group.  Ultimate pH was not different for any ham muscle between either production focus or 






Cured ham characteristics did not differ (P ≥ 0.10) between production focuses (Table 
5.3).  However, cured hams from quality focused pigs had 1.31 units (P < 0.01) greater 
extractible lipid than cured hams from lean focused pigs.  There were no (P ≥ 0.23) differences 
among marketing groups for ham processing traits except cured color.  Cured color from cured 
hams from pigs in the third marketing group were 1.77 L* units darker (P < 0.01) than cured 
color from hams in the first or second marketing group.  Additionally, hams from the first 
marketing group had 0.71 units greater moisture percentages (P = 0.03) than hams from the 
second marketing group (Table 5.3).  Still, there were interactions for final pumped weight and 
stuffed weight (P ≤ 0.03).  These interactions were driven by a difference of production focuses 
within marketing group 3; hams from pigs of the lean production focus  had a 13.6% heavier 
final pumped weight (?̅? = 6.40 kg) and 13.1% heavier stuffed weight (?̅? = 6.18 kg) than hams 
from pigs of the quality production focus (P ≤ 0.05; ?̅? = 5.63 kg, final pumped weight; ?̅? = 5.46 
kg, stuffed weight).     
Correlations Among Fresh Ham Quality and Processing Characteristics 
Overall, fresh leg weight was strongly correlated with initial cured ham weight (r = 0.78, P < 
0.0001), pumped weight (r = 0.75, P < 0.0001), stuffed weight (r = 0.75, P < 0.0001), and 
cooked weight (r = 0.74, P < 0.0001, Table 5.4) but instrumental L* values of fresh muscles did 
not correlate with cured ham characteristics.  Further, leg weight did not correlate well (r < 
|0.07|, P ≥ 0.06) with cooked yield, bind strength, cured color, or proximate composition of cured 
hams.  Fresh ham quality estimates of the inside ham and knuckle (Table 5.5) or the outside ham 







 Lowe et al. (2016) reported that ham quality parameters varied among marketing groups.  
Specifically, it was reported that semimembranosus pH decreased in a linear fashion from 
marketing group 1 to marketing group 3 (Lowe et al., 2016).  However, fresh ham was redder 
(greater a* value) on the semimembranosus of fresh ham from marketing group 3 compared with 
marketing groups 1 and 2 (Lowe et al., 2016).  Additionally, protein fat-free measures were the 
greatest in marketing group 3 (Lowe et al., 2016).  It was hypothesized that results of the current 
study would be in line with those of Lowe et al. (2016).  However, the results of the current 
study are counter to this hypothesis.  Quality differences that were significant due to the main 
effect of marketing group were small in magnitude and therefore of little practical significance.  
A striking difference between the two studies is the difference in ultimate pH results due to 
marketing group.  Lowe et al. (2016) reported a linear decline in pH from marketing group 1 to 
marketing group 3 and the current study reported no differences in ultimate pH of any muscle 
due to marketing group.  It is accepted that removing pigs from a pen using marketing groups 
results in increased growth rate and feed efficiency in the remaining pigs in the pen (DeDecker et 
al., 2007), due to compensatory gain.  In 2002, Kristensen et al. reported no effects of 
compensatory gain on ultimate pH of a pork loin, matching the results of the current study.  
Increased ultimate pH of pork results in increased water holding capacity.  Specifically, by 
moving the pH of the muscle away from the isoelectric point of the major meat proteins (myosin 
pI = 5.4), the net charge on proteins increases and therefore more space exists in the muscle to 
accommodate and bind water (Huff-Lonergan and Lonergan, 2005).  Given that Lowe et al. 
(2016) observed a decrease in ultimate pH values from marketing group 1 to marketing group 3, 





3 compared to marketing groups 1 and 2.  Specifically, in the study by Lowe et al. (2016), hams 
from marketing group 1 would classify for Ham, Heat-Treated and hams from marketing group 3 
would be categorized as Ham/Natural Juices, Heat-Treated ( USDA 9 CFR 219.104, 1984).  Due 
to the fact that all hams in the aforementioned study were pumped with brine at a similar 
percentage, this means that the lower pH in marketing group 3 resulting in a decreased ability to 
control PFF values in a ham.  However, given that the current study observed no difference in 
pH values of fresh ham muscles, it is not surprising to observe no difference in PFF values 
among marketing groups.  This indicates that hams from pigs of any marketing group can be 
used to produce product for which a specific PFF is being targeted.   
With the exceptions of the loin (Huff –Lonergan et al., 2002; Boler et al., 2010; Arkfeld 
et al., 2015) and belly (Kyle et al., 2014), correlation of product quality within the remaining 
pork primals is not well established.  An understanding of the fresh ham traits that have strong 
relationships with processed ham traits would easily allow for the selection of hams with 
superior or inferior processed product quality.  Specific emphasis was placed on characteristics 
which could be measured in a commercial processing facility (leg weight and instrumental color 
of the gluteus medius and gluteus profundus).  The lack of relationship between these 
characteristics and processed ham quality indicates that fresh ham quality measures do not 
correlate strongly with processed ham quality measures. 
Results from a marketing group study published by Lowe et al. (2014; 2016) indicated 
that pigs marketed in the 3
rd
 (final) marketing group had the greatest fat depth and heaviest 
carcass weight.  Due to the increased fat depth of these pigs, it was unsurprising that Lowe et al. 
(2014) reported that as a percentage of HCW, pigs from marketing group 3 had the lightest leg 





of HCW, leg weight was heavier in marketing group 3 than marketing group 1.  This was likely 
the result of differences in carcass weight and fat depth driven by management differences 
between the two studies (sexes used in the study and different targeted percent lean and final 
BW).   
Conclusions 
 There were no differences in fresh and processed ham quality, or cooked ham yield 
among marketing groups.  Thus, hams of equal quality can be produced from pigs of any 
marketing group.   Further, there was not a strong relationship between fresh and processed ham 
quality traits, indicating that fresh ham quality is not indicative of processed ham quality.  
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 TABLES AND FIGURES 
Figure 5.1. Interactive effects of production focus and marketing group on hot carcass weight.   
































































n (entire population) 3627 4057   2060 3025 2599         






 2.48 0.75 <0.0001 <0.0001 
Leg wt (NAMP #401)
1






 0.24 0.43 0.01 0.64 
           n (select population) 405 441   223 319 304         
Trimmed ham wt (NAMP #402)
2






 0.31 0.05 0.02 0.43 
Inside wt (NAMP #402F)
2






 0.11 <0.0001 <0.01 0.31 
Outside wt (NAMP #402E)
2






 0.19 0.08 0.01 0.10 
Knuckle wt (NAMP #402H)
2






 0.09 0.06 0.04 0.97 
Shank wt
2






 0.03 0.85 <0.0001 0.54 
Lite butt wt
2
, %  0.76 0.71 0.03 0.71 0.74 0.77 0.04 0.22 0.26 0.85 
1
Leg weight (rectus abdominis included) was whole ham collected on 1 d postmortem and fabricated to meet the specifications of the North American Meat 
Processors.  Weights are presented as a percentage of HCW and were calculated as: [leg wt ÷ (HCW ÷ 2)] * 100. 
2
Ham pieces were fabricated to meet the specifications of the North American Meat Processors.  Weights are presented as a percentage of HCW and were 





Table 5.2. Effects of production focus and marketing group on instrumental ham color and ultimate pH
1



















2060 3025 2599 
        
Gluteus profundus 
         
 
L* 40.08 40.80 0.62 40.54 40.82 39.96 0.69 0.48 0.65 0.77 
 
a* 15.81 15.77 0.15 15.61 15.81 15.96 0.17 0.87 0.30 0.94 
 
b* 3.58 3.78 0.25 3.66 3.79 3.60 0.24 0.41 0.57 0.54 
Gluteus medius 
 
         
 
L* 45.43 45.83 0.66 45.74 46.05 45.09 0.70 0.74 0.59 0.97 
 
a* 8.98 8.98 0.44 9.12 8.95 8.87 0.46 0.99 0.71 0.45 
  b* 2.34 2.30 0.33 2.34 2.32 2.30 0.34 0.81 0.97 0.89 
            n (select 
population) 
405 441  
  
223 319 304 
        
Semimembranosus 
 
         
 






 0.50 0.41 0.02 1.00 
 
a* 9.64 9.39 0.43 9.42 9.51 9.62 0.39 0.58 0.70 0.96 
 
b* 1.51 1.41 0.22 1.16 1.63 1.61 0.21 0.75 0.15 0.48 
 
pH 5.65 5.70 0.06 5.73 5.67 5.62 0.06 0.33 0.14 0.67 
Adductor 
 
         
 
L* 38.66 39.95 0.58 39.15 39.4 39.37 0.58 0.02 0.74 0.69 
 
a* 10.60 10.58 0.23 10.49 10.63 10.65 0.27 0.91 0.85 0.65 
 
b* 0.72 1.02 0.13 0.82 0.84 0.95 0.15 0.03 0.61 0.56 
 





        
 
L* 51.36 52.79 3.31 51.7 52.51 52.01 3.34 0.13 0.76 0.97 
 
a* 7.07 7.31 0.72 7.38 7.24 6.94 0.73 0.41 0.38 0.88 
 
b* 1.7 2.25 0.71 1.96 1.96 1.99 0.71 0.35 0.99 0.85 
 






Table 5.2. Continued. Effects of production focus and marketing group on instrumental ham color and ultimate pH
1
 

















         
 






 0.55 0.04 0.01 0.24 
 
a* 16.47 16.72 0.47 16.02 16.87 16.89 0.49 0.51 0.06 0.62 
 
b* 3.06 3.29 0.29 3.30 3.14 3.08 0.30 0.22 0.47 0.11 
 
pH 5.85 5.90 0.08 5.88 5.87 5.87 0.08 0.44 1.00 0.16 
Biceps femoris 
 
         
 
L* 43.63 44.47 0.59 44.45 44.07 43.62 0.67 0.02 0.16 0.40 
 
a* 12.48 12.28 0.58 12.2 12.43 12.51 0.60 0.58 0.75 0.61 
 
b* 2.62 2.62 0.36 2.73 2.66 2.47 0.37 0.99 0.66 0.66 
 
pH 5.68 5.71 0.05 5.74 5.68 5.66 0.06 0.56 0.24 0.61 
Vastus lateralis 
 
         
 
L* 46.02 47.03 0.58 46.69 46.64 46.24 0.58 0.06 0.34 0.44 
 
a* 7.40 7.40 0.33 7.32 7.55 7.33 0.33 0.98 0.35 0.93 
 
b* 2.72 2.82 0.28 2.77 2.69 2.86 0.30 0.62 0.75 0.50 
 
pH 5.74 5.74 0.05 5.77 5.73 5.72 0.06 0.89 0.66 0.56 
Rectus femoris 
 
         
 
L* 44.57 46.24 0.76 45.16 45.51 45.53 0.72 0.05 0.55 0.31 
 
a* 7.89 7.55 0.27 7.78 7.94 7.44 0.25 0.36 0.09 0.68 
 
b* 1.98 1.98 0.18 1.94 1.97 2.03 0.23 0.99 0.97 0.39 
  pH 6.08 6.01 0.05 6.06 6.02 6.06 0.06 0.36 0.78 0.59 
1
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus 
dark portion (proximal edge where the head of the femur was removed), semitendinosus light (medial edge of the distal end), biceps femoris (medial 
side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 
2
The dark portion was measured on the proximal edge where the head of the femur was removed and the light portion was measured on the medial 




















Hams, n 405 441 
 
223 319 304 
    Initial wt (NAMP #402G), 
kg 
5.27 4.95 0.14 5.06 5.13 5.14 0.12 0.11 0.40 <0.0001 
Initial pumped wt, kg 6.34 5.93 0.17 6.14 6.10 6.17 0.16 0.10 0.87 0.06 
Pump uptake, % 20.30 20.00 0.93 21.69 18.97 19.78 1.16 0.82 0.23 0.97 
Final pumped wt
1
, kg 6.18 5.77 0.17 5.96 5.95 6.02 0.15 0.10 0.82 0.03 
Pump retention
2
, % 17.15 16.81 0.77 18.09 16.03 16.82 0.96 0.75 0.30 0.97 
Stuffed wt, kg 5.94 5.60 0.17 5.72 5.77 5.82 0.15 0.12 0.63 0.01 
Cooked weight, kg 5.23 4.92 0.16 5.03 5.07 5.13 0.15 0.14 0.62 0.03 




          
 






 0.72 0.44 <0.01 0.72 
 
a* 12.23 12.09 0.44 12.16 12.08 12.24 0.45 0.44 0.72 0.69 
 
b* 5.46 5.56 0.1 5.43 5.59 5.51 0.11 0.52 0.48 1.00 
Bind strength, kg 7.83 7.68 0.27 7.69 7.80 7.78 0.31 0.57 0.94 0.48 
Proximate Composition 
         
 






 0.28 0.12 0.03 0.95 
 
Lipid, % 4.32 5.63 0.36 4.79 5.28 4.86 0.36 <0.01 0.09 0.99 
 
Protein, % 19.15 18.72 0.35 18.62 19.05 19.13 0.35 0.13 0.10 0.95 
  PFF
4
 20.01 19.83 0.31 19.54 20.12 20.11 0.32 0.52 0.07 0.95 
1 
Weight 30 minutes post injection. 
2 
Pump percentage after injected hams were allowed to drain brine for 30 minutes. 
3
L* measures darkness to lightness (greater L* value indicates a lighter color); a* measures redness (greater a* value indicates a redder color); b* measures 
yellowness (greater b* value indicates a more yellow color).  Calculated as the average of 4 measurements per ham slice. 
4





Table 5.4. Pearson correlation coefficients (r) of the fresh leg (NAMP #401) and 
instrumental color with processed ham characteristics
1,2 
 










0.78 -0.16 -0.07 
(<0.0001) (<0.0001) (0.03) 
    
Initial pumped weight 
0.74 -0.16 -0.08 
(<0.0001) (<0.0001) (0.02) 
    
Pump uptake 
-0.08 0.01 -0.04 
(0.02) (0.86) (0.27) 




0.75 -0.16 -0.09 
(<0.0001) (<0.0001) (0.01) 




-0.07 -0.01 -0.06 
(0.06) (0.74) (0.11) 
    
Stuffed weight 
0.75 -0.16 -0.10 
(<0.0001) (<0.0001) (0.01) 
    
Cooked weight 
0.74 -0.18 -0.12 
(<0.0001) (<0.0001) (<0.01) 
    
Cooked yield 
0.03 -0.08 -0.15 





     L* 
0.03 0.11 0.16 
(0.36) (<0.01) (<0.0001) 
    
     a* 
0.01 -0.06 -0.16 
(0.80) (0.11) (<0.0001) 
    
     b* 
0.03 0.07 0.19 
(0.33) (0.04) (<0.0001) 
    
Bind strength 
-0.07 0.02 0.07 





Table 5.4. Continued. Pearson correlation coefficients (r) of the fresh leg (NAMP 
#401) and instrumental color with processed ham characteristics
1,2
 











     Moisture 
0.01 -0.11 -0.19 
(0.84) (<0.01) (<0.0001) 
    
     Lipid 
0.01 0.12 0.15 
(0.80) (<0.01) (<0.0001) 
    
     Protein 
-0.03 -0.02 0.06 
(0.36) (0.53) (0.08) 
    
     PFF
6
 
-0.03 0.01 0.11 
(0.37) (0.73) (<0.01) 
1
Leg weights and instrumental color on the gluteus medius and profundus was 
collected on 1 d postmortem.  
2
Upper row is the correlation coefficient between traits. P-value for difference from 
zero provided in parentheses.
 
3
L* measures darkness to lightness. L* values on the gluteus profundus and gluteus 
medius are one measure recorded on the ham face.  L* value on cured color are 
calculated as the average of 4 measurements per ham slice.  a*  measures redness.  
b* measures yellowness.  
4
Weight of the pumped ham 30 minutes after injection. 
5
Pump percent after injected hams were allowed to drain for 30 minutes. 
6



















 pH   L*
3
 pH   L*
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 Semimembranosus  Adductor  Vastus lateralis  Rectus femoris 
Variable L*
3
 pH   L*
3
 pH   L*
3




















     
 
    















            















            















            










(<0.0001) (<0.01)   (0.05) (0.01)   (0.04) (<0.01)   (0.01) (0.01) 
1
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal face), vastus 
lateralis (proximal edge), and rectus femoris (proximal face).   
2
Upper row is the correlation coefficient between traits. P-value for difference from zero provided in parentheses.
 
3
L* measures darkness to lightness. a* measures redness.  b* measures yellowness. L* value on cured color are calculated as the average of 4 
color measurements per ham slice.   
4
Weight of the pumped ham 30 minutes after injection. 
5
Pump percent after injected hams were allowed to drain for 30 minutes. 
6





Table 5.6. Pearson correlation coefficients (r) of  instrumental L* and pH of fresh ham muscles from the 
outside portion with processed ham characteristics
1,2
 







 pH   L*
3














         



























































































       
 











         











         















Table 5.6. Continued. Pearson correlation coefficients (r) of  instrumental L* and pH of fresh ham muscles 
from the outside portion with processed ham characteristics
1,2
 
 Semitendinosus, light  Semitendinosus, dark  Biceps femoris 
Variable L*
3
 pH   L*
3















       
 











         











         











         








(<0.0001) (<0.01)   (0.05) (0.06)   (0.01) (<0.01) 
1
Instrumental color and ultimate pH was measured on the:  semitendinosus dark portion (proximal edge 
where the head of the femur was removed, semitendinosus light (medial edge of the distal end) and, the 
biceps femoris (medial side).  
2




L* measures darkness to lightness. a* measures redness.  b* measures yellowness.  L* value on cured 
color are calculated as the average of 4 color measurements per ham slice. 
4
Weight of the pumped ham 30 minutes after injection. 
5
Pump percent after injected hams were allowed to drain for 30 minutes. 
6






FIGURES DEMONSTRATING FIRMNESS MEASURES 










Figure A.3.  Whole loin subjective firmness measures were collected at approximately the 10
th
 
rib (a), the anterior portion of the loin (b), and the posterior portion of the loin (c). 

















Figure A.3. Continued.  Whole loin subjective firmness measures were collected at 
approximately the 10
th
 rib (a), the anterior portion of the loin (b), and the posterior portion of the 
loin (c). 





















DESCRIPTIVE TABLES FOR THE SWINE POPULATION USED IN CHAPTERS 3, 4, 
& 5 








Barn A Barn B Barn C Barn D 
 
Barn E Barn F Barn G Barn H 
Week 1 MG 1
 
MG 1 - - - - 
 
MG 1 MG 1 - - - - 
Week 2 MG 2 MG 2 MG 1 MG 1 
 
MG 2 MG 2 MG 1 MG 1 
Week 3 MG 3 MG 3 MG 2 MG 2 
 
MG 3 MG 3 MG 2 MG 2 
Week 4 - - - - MG 3 MG 3 
 
- - - - MG 3 MG 3 
1






















































































































































Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 315 304 151 295 295 302 32 33 33 
Marketing group 2 480 456 220 444 223 451 45 46 45 
Marketing group 3 322 281 117 265 130 268 28 29 30 
Total 1117 1041 488 1004 648 1021 105 108 108 
Percent of 
Delivered  - -  93.20 43.69 89.88 58.01 91.41 9.40 9.67 9.67 
Percent of 
Abattoir Data  - -   - -  46.88 96.45 62.25 98.08 10.09 10.37 10.37 










 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 317 306 149 304 304 300 32 31 31 
Marketing group 2 472 464 229 456 226 459 47 48 47 
Marketing group 3 130 127 64 127 63 126 15 15 15 
Total 919 897 442 887 593 885 94 94 93 
Percent of 
Delivered  - -  97.61 48.10 96.52 64.53 96.30 10.23 10.23 10.12 
Percent of 
Abattoir Data  - -   - -  49.28 98.89 66.11 98.66 10.48 10.48 10.37 
















 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 518 495 239 475 236 470 55 54 54 
Marketing group 2 346 338 152 315 158 334 35 35 32 
Marketing group 3 268 261 126 253 130 260 27 27 27 
Total 1132 1094 517 1043 524 1064 117 116 113 
Percent of 
Delivered  - -  96.64 45.67 92.14 46.29 93.99 10.34 10.25 9.98 
Percent of 
Abattoir Data  - -   - -  47.26 95.34 47.90 97.26 10.69 10.60 10.33 










 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 333 307 144 295 145 302 31 31 34 
Marketing group 2 507 465 220 456 225 465 46 47 48 
Marketing group 3 508 485 233 473 242 476 51 52 54 
Total 1348 1257 597 1224 612 1243 128 130 136 
Percent of 
Delivered  - -  93.25 44.29 90.80 45.40 92.21 9.50 9.64 10.09 
Percent of 
Abattoir Data  - -   - -  47.49 97.37 48.69 98.89 10.18 10.34 10.82 
















 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 172 166 76 159 78 164 18 19 19 
Marketing group 2 351 339 161 322 159 336 34 36 37 
Marketing group 3 172 164 75 160 77 164 17 18 17 
Total 695 669 312 641 314 664 69 73 73 
Percent of 
Delivered  - -  96.26 44.89 92.23 45.18 95.54 9.93 10.50 10.50 
Percent of 
Abattoir Data  - -   - -  46.64 95.81 46.94 99.25 10.31 10.91 10.91 










 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 160 152 73 150 75 151 16 16 16 
Marketing group 2 312 308 148 298 148 307 31 32 33 
Marketing group 3 484 454 213 420 206 449 46 53 52 
Total 956 914 434 868 429 907 93 101 101 
Percent of 
Delivered  - -  95.61 45.40 90.79 44.87 94.87 9.73 10.56 10.56 
Percent of 
Abattoir Data  - -   - -  47.48 94.97 46.94 99.23 10.18 11.05 11.05 
















 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 172 166 80 153 78 166 19 19 19 
Marketing group 2 343 333 159 327 165 329 35 37 37 
Marketing group 3 347 323 160 318 160 315 52 52 52 
Total 862 822 399 798 403 810 106 108 108 
Percent of 
Delivered  - -  95.36 46.29 92.58 46.75 93.97 12.30 12.53 12.53 
Percent of 
Abattoir Data  - -   - -  48.54 97.08 49.03 98.54 12.90 13.14 13.14 










 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Marketing group 1 167 164 76 151 73 164 17 20 20 
Marketing group 2 335 322 154 295 153 316 35 38 39 
Marketing group 3 511 496 228 473 237 487 53 56 56 
Total 1013 982 458 919 463 967 105 114 115 
Percent of 
Delivered  - -  72.85 33.98 68.18 34.35 71.74 7.79 8.46 11.35 
Percent of 






Table B.3. Continued. Total counts per barn of carcasses/primals used in the study 







 Loin – Line4 Loin – Additional5 Ham6 Loin7 Ham8 FAME9 
Grand Totals 8042 7676 3647 7384 3986 7561 817 844 847 
Percent of 
Delivered  - -  95.45 45.35 91.82 49.56 94.02 10.16 10.49 10.53 
Percent of 
Abattoir Data  - -   - -  47.51 96.20 51.93 98.50 10.64 11.00 11.03 
1
 Pigs delivered by the respective producer to the commercial processing facility. 
2
 Number of pigs for which data was collected on the abattoir (fat depth, loin depth, hot carcass weight, estimated percent lean, nitFOM). 
3
 In-plant belly characteristics (length, width, depth, subjective flop score) were collected on a target 50% of the population. 
4
 Loin quality characteristics measured on-line include subjective color, marbling, and firmness scores were collected on a targeted 100% 
of the population. 
5
 Further loin quality characteristics (instrumental color and pH) and weight were collected on a targeted 50% of the population. 
6 
Instrumental color on the ham face and leg weight were collected on a target 100% of the population. 
7
 A targeted 10% of loins were aged for 20 d. At 20 d subjective color, marbling, and firmness scores, instrumental color, purge loss, 
cook loss, and slice shear force were measured. 
8
 A targeted 10% of hams were fabricated, muscle pH and instrumental color were collected, and three-piece hams were processed to 
determine processed ham yield and quality traits. 
9





Table B.4. Simple statistics for the whole population of pigs used in this study 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 7684 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 7576 94.50 9.39 53.06 129.25 9.93 
Fat depth, mm 6920 15.41 4.00 6.00 38.00 25.93 
Loin depth, mm 6920 68.00 8.52 20.00 92.00 12.53 




Bruker measured IV 7662 75.82 3.56 64.19 89.26 4.69 
NitFOM measured IV 5625 74.44 3.42 63.90 92.50 4.60 
GC measured IV (AOCS) 848 75.78 3.63 66.50 85.90 4.79 
SFA 848 33.16 2.71 24.46 46.66 8.19 
MUFA 848 43.37 3.45 18.71 50.50 7.96 
PUFA 848 23.48 2.80 16.40 34.63 11.92 
USFA:SFA 848 2.04 0.25 1.14 3.09 12.21 
PUFA:SFA 848 0.71 0.120 0.46 1.08 16.12 
C 14:0, % 848 1.20 0.14 0.12 1.99 11.31 
C 14:1, % 848 0.00 0.00 0.00 0.00 . 
C 15:0, % 848 0.06 0.04 0.00 1.03 75.64 
C 16:0, % 848 20.68 1.39 16.20 30.75 6.70 
C 16:1, % 848 2.20 0.41 1.17 4.56 18.54 
C 17:0, % 848 0.35 0.08 0.00 0.91 23.40 
C 17:1, % 848 0.22 0.14 0.00 0.85 65.26 
C 18:0, % 848 10.70 1.78 6.43 17.80 16.67 
C 18:1 n9, % 848 40.11 3.23 13.09 46.89 8.04 
C 18:2 n6, % 848 21.09 2.55 14.63 31.37 12.09 
C 18:3 n6, % 848 0.01 0.02 0.00 0.07 154.92 
C 18:3 n3, % 848 0.76 0.17 0.42 1.31 22.32 
C 20:0, % 848 0.17 0.03 0.00 0.33 18.95 
C 20:1 n9, % 848 0.83 0.11 0.51 1.52 13.38 
C 20:2 n6, % 848 0.95 0.13 0.57 1.33 13.41 
C 20:3 n6, % 848 0.12 0.02 0.00 0.20 16.90 
C 20:4 n6, % 848 0.27 0.04 0.00 0.41 16.15 
C 20:3 n3, % 848 0.11 0.03 0.00 0.32 22.18 
C 20:5 n3, % 848 0.00 0.00 0.00 0.04 1463.14 
C 22:0, % 848 0.00 0.00 0.00 0.08 1051.11 
C 22:1 n9, % 848 0.00 0.01 0.00 0.05 530.42 
C 22:2 n6, % 848 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 848 0.13 0.03 0.00 0.31 19.96 






Table B.4. Continued. Simple statistics for the whole population of pigs used in this study 
Variable N Mean Std Dev Minimum Maximum  CV 
Belly Quality
2 
Weight, kg 3648 7.43 1.15 3.68 12.64 15.48 
Flop Score 3646 2.05 0.84 0.50 5.00 40.95 
Length, cm 3648 69.24 4.31 52.71 84.46 6.23 
Width, cm 3647 35.91 2.45 27.31 44.45 6.81 
Scribe, cm 3638 7.33 1.35 1.27 13.34 18.41 
Depth, 25%, cm 3648 2.81 0.55 0.64 4.76 19.44 
Depth, 50%, cm 3646 2.21 0.45 0.00 3.81 20.45 
Depth, 75%, cm 3647 2.56 0.45 1.27 4.76 17.54 
Average Depth, cm 3648 2.53 0.42 0.85 4.02 16.59 
Loin Quality
3 
Weight, kg 3973 3.75 0.49 1.71 5.45 13.07 
pH, 31 min  774 6.55 0.20 5.68 7.07 3.08 
pH, 1 d 3990 5.69 0.15 5.37 6.79 2.56 
pH, 20 d 818 5.68 0.17 5.34 7.00 3.01 
Color, 1 d 7381 3.09 0.56 1.00 5.00 18.27 
Marbling, 1 d 7381 2.13 0.92 0.50 6.00 43.35 
Firmness, 1 d 7381 2.75 0.62 1.00 5.00 22.49 
Color, 20 d 818 3.13 0.59 2.00 6.00 18.83 
Marbling, 20 d 818 1.58 0.35 1.00 4.00 21.89 
Firmness, 20 d 818 2.99 0.16 2.00 4.00 5.32 
1 d 
           L* 3937 52.66 2.49 44.30 62.05 4.73 
     a* 3937 7.40 1.15 2.94 11.41 15.55 
     b* 3937 13.64 1.04 9.92 17.63 7.61 
20d 
           L* 818 58.93 2.64 48.85 66.84 4.48 
     a* 818 10.06 1.40 4.77 15.22 13.88 
     b* 818 17.12 1.02 13.40 21.74 5.96 
Purge loss (%), 20 d 805 0.92 0.62 0.00 4.71 67.39 
Cook loss (%), d 20 818 17.28 2.01 8.40 23.15 11.64 





Table B.4. Continued. Simple statistics for the whole population of pigs used in this study 
Variable N Mean Std Dev Minimum Maximum  CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 7539 11.74 1.10 6.89 15.60 9.33 
Pre-trim weight, kg 841 11.64 1.10 6.84 15.21 9.43 
Post-trim weight, kg 842 9.79 0.95 5.63 12.57 9.68 
Inside weight, kg 838 1.64 0.23 0.45 2.71 14.21 
Outside weight, kg 845 2.24 0.31 1.12 3.21 13.95 
Knuckle weight, kg 845 1.33 0.17 0.72 1.79 12.66 
Shank weight, kg 845 0.69 0.10 0.40 1.69 14.95 
Lite butt weight, kg 843 0.35 0.09 0.08 0.72 25.71 
Gluteus profundus 
           L* 7418 40.60 3.61 22.88 56.98 8.89 
     a* 7418 15.79 2.18 5.90 27.96 13.79 
     b* 7416 3.73 1.69 -4.64 14.04 45.25 
Gluteus medius 
           L* 7422 45.69 3.37 20.64 68.04 7.38 
     a* 7420 9.09 1.83 2.83 24.45 20.19 
     b* 7420 2.35 1.58 -4.23 20.15 67.48 
Semimembranosus 
           L* 840 46.57 3.14 36.38 62.33 6.73 
     a* 841 9.53 1.86 4.27 18.70 19.53 
     b* 839 1.54 1.56 -4.12 9.43 101.22 
Adductor 
           L* 841 39.28 3.11 30.09 55.00 7.91 
     a* 841 10.64 1.88 5.86 20.20 17.69 
     b* 841 0.88 1.40 -2.39 7.22 158.83 
Semitendinosus, light  
           L* 840 52.08 6.12 35.72 73.20 11.75 
     a* 840 7.20 2.17 1.58 18.38 30.18 
     b* 840 1.95 1.90 -3.47 8.01 97.06 
Semitendinosus, dark 
           L* 839 40.09 3.32 31.41 55.92 8.29 
     a* 839 16.63 2.36 2.68 22.60 14.21 
     b* 839 3.15 1.59 -0.97 9.21 50.48 
Biceps femoris 
           L* 840 43.93 3.04 35.15 55.52 6.92 
     a* 840 12.47 2.08 6.57 21.06 16.69 
     b* 840 2.65 1.62 -0.94 10.58 61.01 
Vastus lateralis 
           L* 841 46.48 3.21 33.87 59.64 6.91 
     a* 841 7.43 1.85 2.58 22.18 24.88 
     b* 841 2.80 1.90 -6.02 11.68 67.69 
Rectus femoris 
           L* 841 45.39 3.35 34.25 56.09 7.38 
     a* 841 7.74 1.89 2.91 21.52 24.42 
     b* 841 1.99 1.81 -3.24 7.75 90.88 
pH 





Table B.4. Continued. Simple statistics for the whole population of pigs used in this study 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 843 5.80 0.29 4.81 7.08 4.98 
     Semitendinosus, light  842 5.77 0.28 4.47 6.91 4.82 
     Semitendinosus, dark 842 5.87 0.30 4.85 6.77 5.14 
     Biceps femoris 843 5.68 0.27 4.79 7.05 4.82 
     Vastus lateralis 843 5.73 0.28 4.77 7.04 4.95 
     Rectus femoris 843 6.04 0.33 5.01 7.07 5.41 
Processed Ham Quality
4 
Initial (Green) weight, kg 840 5.10 0.61 2.77 7.05 11.99 
Pumped weight, kg 844 6.12 0.76 3.37 8.81 12.33 
Pump percent, % 840 19.97 4.04 7.71 43.85 20.21 
30 minute drained weight, 
kg 844 5.97 0.73 3.28 8.38 12.26 
Pump retention, % 840 16.87 3.27 6.69 36.44 19.41 
Stuffed weight, kg 830 5.77 0.69 3.22 7.97 11.94 
Stuffed yield, % 824 113.06 3.76 77.21 168.80 3.32 
Casing on cooked weight, 
kg 829 5.13 0.65 2.81 7.15 12.61 
Casing off cooked weight, 
kg 829 5.07 0.65 2.74 7.09 12.76 
Cooked yield, % 823 99.33 4.07 67.90 149.63 4.09 
Cured color 
           L* 823 65.97 2.72 55.93 75.53 4.13 
     a* 823 12.22 1.29 8.13 15.89 10.58 
     b* 823 5.54 0.67 1.18 7.30 12.04 
Bind strength, kg 792 7.76 1.99 2.62 17.39 25.70 
Proximate Composition 
           Moisture, % 829 72.74 1.45 67.33 78.57 2.00 
     Lipid, % 829 5.03 1.58 1.75 13.41 31.50 
     Protein, % 825 18.99 1.10 15.60 22.25 5.77 
     PFF
5 
825 20.00 1.10 16.06 23.05 5.51 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5







Table B.5. Summary statistics for carcasses from pigs slaughtered in marketing group 1 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 2060 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 2041 95.89 8.88 66.67 129.25 9.26 
Fat depth, mm 1638 15.92 4.04 8.00 38.00 25.35 
Loin depth, mm 1638 70.03 8.30 29.00 92.00 11.85 
Percent Lean 1638 57.56 2.88 42.50 64.30 5.01 
FAME Profile
1 
Bruker measured IV 2053 75.23 3.55 65.29 89.26 4.72 
NitFOM measured IV 1244 74.62 3.44 65.00 86.00 4.61 
GC measured IV (AOCS) 226 75.35 3.66 67.30 85.90 4.85 
SFA 226 33.08 2.54 26.51 39.98 7.67 
MUFA 226 44.18 2.71 36.77 50.50 6.14 
PUFA 226 22.75 2.56 16.40 29.67 11.27 
USFA:SFA 226 2.04 0.24 1.50 2.77 11.54 
PUFA:SFA 226 0.69 0.11 0.48 1.08 16.52 
C 14:0, % 226 1.24 0.12 0.89 1.57 9.90 
C 14:1, % 226 0.00 0.00 0.00 0.00 . 
C 15:0, % 226 0.05 0.03 0.00 0.11 49.56 
C 16:0, % 226 20.98 1.16 18.00 24.13 5.51 
C 16:1, % 226 2.36 0.41 1.32 4.56 17.41 
C 17:0, % 226 0.33 0.07 0.00 0.55 20.79 
C 17:1, % 226 0.14 0.15 0.00 0.46 103.52 
C 18:0, % 226 10.31 1.62 6.43 16.43 15.67 
C 18:1 n9, % 226 40.87 2.55 34.03 46.74 6.25 
C 18:2 n6, % 226 20.44 2.34 14.63 26.84 11.44 
C 18:3 n6, % 226 0.01 0.02 0.00 0.06 189.53 
C 18:3 n3, % 226 0.72 0.15 0.44 1.20 20.46 
C 20:0, % 226 0.17 0.03 0.00 0.30 18.67 
C 20:1 n9, % 226 0.80 0.10 0.51 1.07 12.36 
C 20:2 n6, % 226 0.92 0.12 0.64 1.30 13.21 
C 20:3 n6, % 226 0.12 0.02 0.00 0.20 19.75 
C 20:4 n6, % 226 0.27 0.04 0.00 0.39 16.21 
C 20:3 n3, % 226 0.11 0.03 0.00 0.32 25.92 
C 20:5 n3, % 226 0.00 0.00 0.00 0.00 . 
C 22:0, % 226 0.00 0.01 0.00 0.08 1503.33 
C 22:1 n9, % 226 0.00 0.00 0.00 0.05 1503.33 
C 22:2 n6, % 226 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 226 0.13 0.03 0.00 0.31 23.26 





Table B.5. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 1
 




Weight, kg 988 7.58 1.15 4.83 12.64 15.17 
Flop Score 987 2.07 0.79 1.00 4.00 38.42 
Length, cm 988 69.34 4.49 52.71 84.46 6.47 
Width, cm 987 36.35 2.31 27.31 43.82 6.37 
Scribe, cm 985 7.76 1.13 2.54 10.80 14.56 
Depth, 25%, cm 988 2.90 0.53 1.27 4.76 18.30 
Depth, 50%, cm 988 2.28 0.43 0.00 3.81 18.88 
Depth, 75%, cm 987 2.62 0.46 1.27 4.76 17.64 




Weight, kg 1280 3.78 0.43 2.44 5.35 11.26 
pH, 31 min  180 6.63 0.19 6.08 7.07 2.85 
pH, 1 d 1284 5.67 0.13 5.41 6.22 2.35 
pH, 20 d 220 5.72 0.15 5.41 6.11 2.59 
Color, 1 d 1981 2.98 0.55 1.00 4.50 18.50 
Marbling, 1 d 1981 2.02 0.87 0.50 5.00 43.27 
Firmness, 1 d 1981 2.65 0.64 1.00 4.00 24.11 
Color, 20 d 220 3.12 0.50 2.00 5.00 15.99 
Marbling, 20 d 220 1.61 0.29 1.00 3.00 17.76 
Firmness, 20 d 220 3.00 0.14 2.00 4.00 4.64 
1 d 
           L* 1232 52.70 2.41 45.54 60.28 4.58 
     a* 1232 7.47 1.11 4.10 11.41 14.80 
     b* 1232 13.66 0.95 10.31 16.54 6.98 
20d 
           L* 220 59.00 2.58 50.26 66.35 4.37 
     a* 220 9.84 1.44 6.32 15.22 14.64 
     b* 220 16.92 1.00 13.81 20.78 5.94 
Purge loss (%), 20 d 214 0.84 0.53 0.00 2.79 63.14 
Cook loss (%), d 20 220 17.18 1.87 11.50 23.00 10.87 





Table B.5. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 1 
Variable N Mean Std Dev Minimum Maximum  CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 2014 11.77 1.01 8.59 15.19 8.60 
Pre-trim weight, kg 223 11.66 1.00 8.85 15.21 8.60 
Post-trim weight, kg 222 9.75 0.89 7.07 12.57 9.09 
Inside weight, kg 216 1.63 0.22 0.45 2.24 13.21 
Outside weight, kg 223 2.20 0.29 1.45 3.03 13.30 
Knuckle weight, kg 223 1.30 0.14 0.93 1.66 10.63 
Shank weight, kg 223 0.68 0.09 0.47 1.12 13.25 
Lite butt weight, kg 222 0.34 0.08 0.15 0.61 22.98 
Gluteus profundus 
           L* 2016 40.89 3.49 22.88 56.64 8.54 
     a* 2016 15.60 2.24 5.90 27.96 14.36 
     b* 2014 3.79 1.65 -4.64 10.36 43.55 
Gluteus medius 
           L* 2019 45.88 3.12 20.64 67.28 6.80 
     a* 2017 9.45 2.29 4.60 24.45 24.24 
     b* 2017 2.55 1.60 -4.23 11.55 62.86 
Semimembranosus 
           L* 222 46.19 3.15 36.38 55.17 6.82 
     a* 223 9.55 2.08 4.27 18.70 21.79 
     b* 221 1.28 1.67 -4.12 5.85 130.58 
Adductor 
           L* 223 39.07 3.37 30.09 55.00 8.62 
     a* 223 10.57 2.15 5.86 19.85 20.38 
     b* 223 0.84 1.45 -2.39 7.07 172.64 
Semitendinosus, light  
           L* 222 51.35 5.57 35.72 65.44 10.84 
     a* 222 7.57 2.17 1.58 16.57 28.68 
     b* 222 1.92 1.93 -1.98 6.37 100.18 
Semitendinosus, dark 
           L* 222 41.13 3.53 33.04 55.92 8.58 
     a* 222 16.06 2.43 2.68 21.72 15.10 
     b* 222 3.39 1.67 -0.97 9.21 49.10 
Biceps femoris 
           L* 223 44.20 3.11 37.06 55.52 7.04 
     a* 223 12.51 1.91 6.65 18.68 15.26 
     b* 223 2.87 1.68 -0.68 8.64 58.46 
Vastus lateralis 
           L* 223 46.44 3.14 37.07 55.45 6.76 
     a* 223 7.45 2.12 3.54 22.18 28.47 
     b* 223 2.82 1.93 -6.02 9.81 68.22 
Rectus femoris 
           L* 223 44.86 3.17 35.69 53.79 7.06 
     a* 223 7.94 2.02 4.29 21.52 25.43 
     b* 223 1.99 1.68 -2.26 6.73 84.54 
pH 





Table B.5. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 1 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 223 5.84 0.32 5.05 6.77 5.47 
     Semitendinosus, light  222 5.78 0.30 5.05 6.91 5.27 
     Semitendinosus, dark 222 5.86 0.33 5.10 6.70 5.58 
     Biceps femoris 223 5.73 0.31 4.89 6.79 5.36 
     Vastus lateralis 223 5.76 0.32 4.95 6.58 5.59 
     Rectus femoris 223 6.07 0.36 5.20 6.94 6.01 
Processed Ham Quality
4 
Initial (green) weight, kg 223 5.07 0.55 3.55 6.75 10.91 
Pumped weight, kg 223 6.13 0.71 4.51 8.81 11.56 
Pump percent, % 223 21.06 5.85 13.84 43.85 27.77 
30 minute drained 
weight, kg 223 5.96 0.68 4.36 8.35 11.41 
Pump retention, % 223 17.59 4.64 10.65 36.44 26.37 
Stuffed weight, kg 216 5.73 0.61 4.22 7.37 10.69 
Stuffed yield, % 216 113.09 5.95 77.21 168.80 5.26 
Casing on cooked weight, 
kg 216 5.10 0.58 3.74 6.50 11.44 
Casing off cooked 
weight, kg 216 5.04 0.58 3.68 6.45 11.48 
Cooked yield, % 216 99.45 5.70 67.90 149.63 5.73 
Cured color 
           L* 212 67.18 2.51 59.70 75.53 3.74 
     a* 212 12.31 1.35 8.13 15.37 10.97 
     b* 212 5.49 0.71 3.02 6.95 12.99 
Bind strength, kg 212 7.71 1.88 3.78 14.91 24.39 
Proximate Composition 
           Moisture, % 216 73.08 1.35 68.88 76.22 1.84 
     Lipid, % 216 4.87 1.47 1.79 10.80 30.20 
     Protein, % 214 18.60 1.07 15.86 22.16 5.74 
     PFF
5 
214 19.55 1.07 16.53 23.04 5.47 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5








Table B.6. Summary statistics for carcasses from pigs slaughtered in marketing group 2 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 3025 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 2989 95.43 8.35 59.41 122.45 8.75 
Fat depth, mm 2847 15.51 4.10 6.00 33.00 26.43 
Loin depth, mm 2847 68.16 8.31 20.00 91.00 12.19 




Bruker measured IV 3021 75.72 3.45 64.19 87.02 4.55 
NitFOM measured IV 2026 74.40 3.51 63.90 92.50 4.72 
GC measured IV (AOCS) 318 75.59 3.52 66.50 85.90 4.66 
SFA 318 33.34 2.70 24.46 40.97 8.09 
MUFA 318 43.23 3.31 34.33 49.31 7.66 
PUFA 318 23.43 2.61 17.25 30.87 11.16 
USFA:SFA 318 2.02 0.25 1.44 3.09 12.17 
PUFA:SFA 318 0.71 0.11 0.46 1.08 15.54 
C 14:0, % 318 1.21 0.14 0.12 1.62 11.41 
C 14:1, % 318 0.00 0.00 0.00 0.00 . 
C 15:0, % 318 0.06 0.03 0.00 0.14 47.52 
C 16:0, % 318 20.77 1.40 16.20 24.39 6.73 
C 16:1, % 318 2.17 0.38 1.26 4.06 17.62 
C 17:0, % 318 0.34 0.08 0.17 0.76 23.96 
C 17:1, % 318 0.21 0.15 0.00 0.58 70.89 
C 18:0, % 318 10.79 1.74 6.77 16.16 16.08 
C 18:1 n9, % 318 40.03 3.10 31.92 46.27 7.74 
C 18:2 n6, % 318 21.04 2.38 15.41 27.83 11.30 
C 18:3 n6, % 318 0.01 0.02 0.00 0.07 151.96 
C 18:3 n3, % 318 0.76 0.16 0.45 1.31 21.02 
C 20:0, % 318 0.17 0.03 0.00 0.26 17.37 
C 20:1 n9, % 318 0.81 0.10 0.52 1.11 12.30 
C 20:2 n6, % 318 0.95 0.12 0.66 1.33 13.11 
C 20:3 n6, % 318 0.12 0.02 0.00 0.16 15.28 
C 20:4 n6, % 318 0.27 0.04 0.18 0.40 15.42 
C 20:3 n3, % 318 0.12 0.02 0.00 0.19 20.49 
C 20:5 n3, % 318 0.00 0.00 0.00 0.04 1034.84 
C 22:0, % 318 0.00 0.00 0.00 0.03 1026.31 
C 22:1 n9, % 318 0.00 0.01 0.00 0.05 427.20 
C 22:2 n6, % 318 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 318 0.13 0.02 0.00 0.20 18.69 





Table B.6. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 2 
Variable N Mean Std Dev Minimum Maximum  CV 
Belly Quality
2 
Weight, kg 1443 7.56 1.10 4.33 11.13 14.58 
Flop Score 1443 2.11 0.87 0.50 5.00 41.23 
Length, cm 1443 68.91 4.17 55.25 82.55 6.04 
Width, cm 1443 36.61 2.29 27.94 44.45 6.27 
Scribe, cm 1440 7.77 1.13 3.18 13.34 14.58 
Depth, 25%, cm 1443 2.84 0.56 1.27 4.76 19.67 
Depth, 50%, cm 1443 2.24 0.46 0.00 3.81 20.34 
Depth, 75%, cm 1443 2.56 0.44 1.27 4.13 17.23 
Average Depth, cm 1443 2.55 0.42 1.06 4.02 16.64 
Loin Quality
3 
Weight, kg 1457 3.80 0.45 2.29 5.45 11.88 
pH, 31 min  309 6.56 0.19 5.94 6.95 2.83 
pH, 1 d 1457 5.68 0.14 5.37 6.56 2.38 
pH, 20 d 308 5.71 0.18 5.42 7.00 3.22 
Color, 1 d 2912 3.05 0.59 1.50 4.50 19.39 
Marbling, 1 d 2912 2.18 0.96 0.50 6.00 44.03 
Firmness, 1 d 2912 2.79 0.61 1.00 5.00 21.95 
Color, 20 d 308 3.06 0.57 2.00 6.00 18.80 
Marbling, 20 d 308 1.63 0.38 1.00 4.00 23.43 
Firmness, 20 d 308 2.99 0.13 2.00 4.00 4.47 
1 d 
           L* 1456 52.65 2.37 44.30 61.11 4.50 
     a* 1456 7.32 1.16 4.04 11.06 15.82 
     b* 1456 13.65 1.01 10.12 16.81 7.43 
20d 
           L* 308 59.07 2.60 49.69 66.84 4.41 
     a* 308 10.32 1.37 4.77 14.74 13.29 
     b* 308 17.39 1.05 13.73 21.74 6.05 
Purge loss (%), 20 d 305 1.01 0.60 0.00 3.83 59.36 
Cook loss (%), d 20 308 17.22 2.11 8.40 23.15 12.25 





Table B.6. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 2 
Variable N Mean Std Dev Minimum Maximum  CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 2990 11.88 1.01 7.37 15.60 8.47 
Pre-trim weight, kg 317 11.82 1.05 8.41 14.09 8.88 
Post-trim weight, kg 318 9.97 0.88 7.50 11.87 8.79 
Inside weight, kg 319 1.65 0.21 1.02 2.34 12.79 
Outside weight, kg 319 2.29 0.29 1.48 3.17 12.87 
Knuckle weight, kg 319 1.34 0.17 0.78 1.79 12.79 
Shank weight, kg 319 0.71 0.12 0.48 1.69 17.24 
Lite butt weight, kg 319 0.35 0.09 0.11 0.63 26.02 
Gluteus profundus 
           L* 2895 40.91 3.65 29.76 54.86 8.92 
     a* 2895 15.81 2.18 6.83 24.75 13.81 
     b* 2895 3.86 1.66 -1.53 9.48 42.97 
Gluteus medius 
           L* 2894 46.11 3.38 30.25 68.04 7.33 
     a* 2894 9.03 1.67 4.36 19.17 18.55 
     b* 2894 2.36 1.53 -2.34 18.72 64.92 
Semimembranosus 
           L* 318 46.90 3.10 38.07 62.33 6.60 
     a* 318 9.58 1.78 5.62 14.44 18.63 
     b* 318 1.67 1.46 -1.79 6.72 87.71 
Adductor 
           L* 318 39.29 3.04 32.68 52.26 7.73 
     a* 318 10.66 1.68 6.55 15.18 15.74 
     b* 318 0.85 1.27 -1.96 7.16 148.89 
Semitendinosus, light  
           L* 318 51.96 6.78 37.50 73.20 13.05 
     a* 318 7.36 2.40 2.34 18.38 32.56 
     b* 318 1.84 1.82 -3.47 7.84 98.96 
Semitendinosus, dark 
           L* 318 40.03 3.23 31.41 49.81 8.08 
     a* 318 16.82 2.40 8.53 22.60 14.29 
     b* 318 3.14 1.57 -0.29 8.81 50.00 
Biceps femoris 
           L* 318 43.97 3.19 35.15 55.25 7.26 
     a* 318 12.49 2.14 7.21 17.51 17.11 
     b* 318 2.71 1.59 -0.94 8.08 58.64 
Vastus lateralis 
           L* 318 46.57 3.28 33.87 58.28 7.04 
     a* 318 7.59 1.85 3.61 16.49 24.34 
     b* 318 2.74 2.02 -4.84 11.68 73.49 
Rectus femoris 
           L* 318 45.42 3.38 36.85 53.83 7.45 
     a* 318 7.97 1.87 4.13 15.32 23.50 
     b* 318 1.98 1.76 -2.03 6.71 88.74 
pH 





Table B.6. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 2 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 316 5.79 0.31 4.81 7.08 5.31 
     Semitendinosus, light  316 5.77 0.29 4.47 6.64 5.06 
     Semitendinosus, dark 316 5.86 0.31 4.85 6.75 5.35 
     Biceps femoris 316 5.67 0.28 4.79 7.05 4.99 
     Vastus lateralis 316 5.73 0.29 4.77 7.04 5.15 
     Rectus femoris 316 6.01 0.34 5.01 7.07 5.57 
Processed Ham Quality
4 
Initial (green) weight, kg 313 5.15 0.57 3.27 6.64 11.02 
Pumped weight, kg 317 6.14 0.72 3.74 8.03 11.68 
Pump percent, % 317 13.55 1.58 8.24 17.70 11.68 
30 minute drained weight, 
kg 317 5.99 0.69 3.69 7.85 11.54 
Pump retention, % 313 16.14 2.54 6.69 24.38 15.73 
Stuffed weight, kg 314 5.81 0.66 3.57 7.56 11.36 
Stuffed yield, % 308 112.75 2.59 103.11 125.08 2.30 
Casing on cooked weight, 
kg 314 5.16 0.62 3.05 6.60 12.00 
Casing off cooked weight, 
kg 314 5.10 0.62 2.99 6.55 12.17 
Cooked yield, % 308 99.00 3.38 86.21 108.78 3.41 
Cured color 
           L* 312 66.41 2.68 55.93 72.57 4.03 
     a* 312 12.15 1.26 8.28 15.69 10.39 
     b* 312 5.59 0.63 1.18 6.86 11.26 
Bind strength, kg 297 7.79 2.13 2.74 17.39 27.39 
Proximate Composition 
           Moisture, % 312 72.52 1.52 67.33 77.22 2.10 
     Lipid, % 312 5.28 1.70 1.92 13.41 32.14 
     Protein, % 310 19.02 1.04 16.30 21.82 5.49 
     PFF
5 
310 20.08 1.04 16.79 23.01 5.16 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5








Table B.7. Summary statistics for carcasses from pigs slaughtered in marketing group 3 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 2599 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 2546 92.30 10.48 53.06 120.18 11.36 
Fat depth, mm 2435 14.95 3.79 6.00 32.00 25.36 
Loin depth, mm 2435 66.45 8.61 27.00 90.00 12.96 
Percent Lean 2435 57.72 2.57 47.50 64.60 4.46 
FAME Profile
1 
Bruker measured IV 2588 76.41 3.60 64.99 88.30 4.71 
NitFOM measured IV 2355 74.38 3.33 65.20 86.40 4.48 
GC measured IV (AOCS) 304 76.31 3.67 67.80 85.70 4.81 
SFA 304 33.03 2.85 26.57 46.66 8.64 
MUFA 304 42.91 3.95 18.71 50.46 9.21 
PUFA 304 24.06 3.02 17.00 34.63 12.55 
USFA:SFA 304 2.05 0.26 1.14 2.76 12.70 
PUFA:SFA 304 0.73 0.12 0.48 1.08 16.04 
C 14:0, % 304 1.15 0.13 0.82 1.99 11.14 
C 14:1, % 304 0.00 0.00 0.00 0.00 . 
C 15:0, % 304 0.06 0.06 0.00 1.03 100.98 
C 16:0, % 304 20.38 1.47 16.25 30.75 7.21 
C 16:1, % 304 2.11 0.40 1.17 3.89 18.91 
C 17:0, % 304 0.36 0.09 0.19 0.91 23.38 
C 17:1, % 304 0.30 0.10 0.00 0.85 32.75 
C 18:0, % 304 10.90 1.91 7.30 17.80 17.52 
C 18:1 n9, % 304 39.64 3.68 13.09 46.89 9.28 
C 18:2 n6, % 304 21.63 2.76 15.30 31.37 12.75 
C 18:3 n6, % 304 0.02 0.02 0.00 0.07 138.98 
C 18:3 n3, % 304 0.78 0.19 0.42 1.23 24.20 
C 20:0, % 304 0.17 0.04 0.00 0.33 20.64 
C 20:1 n9, % 304 0.86 0.12 0.57 1.52 13.93 
C 20:2 n6, % 304 0.98 0.13 0.57 1.33 13.24 
C 20:3 n6, % 304 0.12 0.02 0.00 0.17 16.28 
C 20:4 n6, % 304 0.26 0.04 0.15 0.41 16.89 
C 20:3 n3, % 304 0.12 0.02 0.00 0.17 20.98 
C 20:5 n3, % 304 0.00 0.00 0.00 0.04 1743.56 
C 22:0, % 304 0.00 0.00 0.00 0.04 780.71 
C 22:1 n9, % 304 0.00 0.01 0.00 0.05 501.49 
C 22:2 n6, % 304 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 304 0.12 0.02 0.00 0.19 18.36 





Table B.7. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 3 
Variable N Mean Std Dev Minimum Maximum  CV 
Belly Quality
2 
Weight, kg 1217 7.17 1.16 3.68 10.57 16.20 
Flop Score 1216 1.96 0.83 0.50 4.00 42.28 
Length, cm 1217 69.56 4.31 53.98 81.92 6.20 
Width, cm 1217 34.73 2.29 27.31 41.91 6.59 
Scribe, cm 1213 6.46 1.33 1.27 11.43 20.56 
Depth, 25%, cm 1217 2.70 0.53 0.64 4.76 19.53 
Depth, 50%, cm 1215 2.12 0.45 0.00 3.18 21.34 
Depth, 75%, cm 1217 2.50 0.44 1.27 4.13 17.58 
Average Depth, cm 1217 2.44 0.41 0.85 3.70 16.80 
Loin Quality
3 
Weight, kg 1236 3.65 0.57 1.71 5.40 15.73 
pH, 31 min  285 6.48 0.21 5.68 6.99 3.17 
pH, 1 d 1249 5.72 0.16 5.40 6.79 2.86 
pH, 20 d 290 5.62 0.16 5.34 6.48 2.79 
Color, 1 d 2488 3.22 0.52 1.50 5.00 16.03 
Marbling, 1 d 2488 2.17 0.92 0.50 6.00 42.19 
Firmness, 1 d 2488 2.78 0.60 1.00 5.00 21.57 
Color, 20 d 290 3.21 0.66 2.00 5.50 20.40 
Marbling, 20 d 290 1.52 0.34 1.00 4.00 22.51 
Firmness, 20 d 290 2.98 0.19 2.00 4.00 6.51 
1 d 
           L* 1249 52.63 2.70 44.33 62.05 5.14 
     a* 1249 7.43 1.18 2.94 11.32 15.89 
     b* 1249 13.62 1.14 9.92 17.63 8.39 
20d 
           L* 290 58.73 2.72 48.85 65.60 4.63 
     a* 290 9.96 1.35 5.58 14.11 13.58 
     b* 290 16.98 0.93 13.40 19.72 5.50 
Purge loss (%), 20 d 286 0.90 0.70 0.00 4.71 77.95 
Cook loss (%), d 20 290 17.41 2.01 8.50 22.73 11.54 





Table B.7. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 3 
Variable N Mean Std Dev Minimum Maximum  CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 2535 11.54 1.22 6.89 15.37 10.60 
Pre-trim weight, kg 301 11.45 1.18 6.84 14.91 10.34 
Post-trim weight, kg 302 9.64 1.03 5.63 12.14 10.73 
Inside weight, kg 303 1.63 0.26 0.90 2.71 16.21 
Outside weight, kg 303 2.21 0.34 1.12 3.21 15.24 
Knuckle weight, kg 303 1.33 0.18 0.72 1.78 13.69 
Shank weight, kg 303 0.67 0.08 0.40 0.98 12.48 
Lite butt weight, kg 302 0.35 0.09 0.08 0.72 27.19 
Gluteus profundus 
           L* 2507 40.02 3.59 29.35 56.98 8.96 
     a* 2507 15.91 2.11 8.46 27.81 13.24 
     b* 2507 3.55 1.74 -0.85 14.04 49.08 
Gluteus medius 
           L* 2509 45.04 3.46 34.06 60.76 7.69 
     a* 2509 8.86 1.53 2.83 14.80 17.28 
     b* 2509 2.17 1.60 -1.79 20.15 74.09 
Semimembranosus 
           L* 300 46.51 3.14 39.39 59.63 6.75 
     a* 300 9.47 1.77 4.83 16.79 18.71 
     b* 300 1.60 1.55 -2.20 9.43 97.40 
Adductor 
           L* 300 39.43 2.97 33.13 50.24 7.54 
     a* 300 10.68 1.88 6.87 20.20 17.57 
     b* 300 0.94 1.49 -1.91 7.22 158.40 
Semitendinosus, light  
           L* 300 52.75 5.71 40.59 69.89 10.82 
     a* 300 6.77 1.83 1.98 14.57 27.12 
     b* 300 2.11 1.96 -2.28 8.01 92.88 
Semitendinosus, dark 
           L* 299 39.37 3.06 31.47 50.73 7.76 
     a* 299 16.86 2.21 5.44 21.84 13.09 
     b* 299 2.99 1.54 -0.57 7.89 51.53 
Biceps femoris 
           L* 299 43.69 2.80 36.85 53.88 6.42 
     a* 299 12.42 2.15 6.57 21.06 17.30 
     b* 299 2.44 1.59 -0.79 10.58 65.17 
Vastus lateralis 
           L* 300 46.43 3.20 35.95 59.64 6.90 
     a* 300 7.25 1.61 2.58 13.89 22.18 
     b* 300 2.85 1.75 -4.23 7.55 61.18 
Rectus femoris 
           L* 300 45.75 3.41 34.25 56.09 7.44 
     a* 300 7.35 1.75 2.91 13.65 23.77 
     b* 300 2.00 1.95 -3.24 7.75 97.61 
pH 





Table B.7. Continued. Summary statistics for carcasses from pigs slaughtered in marketing group 3 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 304 5.77 0.24 4.96 6.70 4.11 
     Semitendinosus, light  304 5.76 0.24 4.93 6.65 4.19 
     Semitendinosus, dark 304 5.88 0.27 4.87 6.77 4.57 
     Biceps femoris 304 5.66 0.23 4.91 6.87 4.10 
     Vastus lateralis 304 5.72 0.24 4.92 6.73 4.15 
     Rectus femoris 304 6.04 0.28 5.07 6.90 4.71 
Processed Ham Quality
4 
Initial (green) weight, kg 304 5.08 0.69 2.77 7.05 13.61 
Pumped weight, kg 304 6.10 0.83 3.37 8.63 13.53 
Pump percent, % 304 20.06 2.94 11.49 39.32 14.66 
30 minute drained weight, 
kg 304 5.95 0.81 3.28 8.38 13.57 
Pump retention, % 304 17.10 2.51 10.30 34.40 14.69 
Stuffed weight, kg 300 5.75 0.77 3.22 7.97 13.31 
Stuffed yield, % 300 113.37 2.51 106.12 127.99 2.21 
Casing on cooked weight, 
kg 299 5.11 0.72 2.81 7.15 13.99 
Casing off cooked weight, 
kg 299 5.06 0.72 2.74 7.09 14.17 
Cooked yield, % 299 99.60 3.20 89.19 113.89 3.21 
Cured color 
           L* 299 64.66 2.35 57.49 71.58 3.64 
     a* 299 12.21 1.28 8.28 15.89 10.50 
     b* 299 5.51 0.67 2.90 7.30 12.12 
Bind strength, kg 283 7.76 1.93 2.62 14.40 24.88 
Proximate Composition 
           Moisture, % 301 72.72 1.40 68.63 78.57 1.93 
     Lipid, % 301 4.88 1.51 1.75 11.29 30.97 
     Protein, % 301 19.24 1.09 15.60 22.25 5.66 
     PFF
5 
301 20.23 1.10 16.06 23.05 5.43 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5







Table B.8. Summary statistics for carcasses from pigs of the quality production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 4057 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 3991 94.14 10.68 53.06 129.25 11.35 
Fat depth, mm 3517 17.07 3.77 8.00 38.00 22.07 
Loin depth, mm 3517 65.03 8.13 20.00 92.00 12.51 
Percent Lean 3517 56.26 2.37 42.50 63.10 4.22 
FAME Profile
1 
Bruker measured IV 4044 74.53 3.04 64.19 86.85 4.09 
NitFOM measured IV 2797 72.97 2.80 63.90 92.50 3.84 
GC measured IV (AOCS) 445 74.79 3.37 66.50 84.10 4.51 
SFA 445 2.25 2.25 26.57 46.66 6.8 
MUFA 445 2.28 2.28 18.71 50.50 5.08 
PUFA 445 2.345 2.35 16.40 34.63 10.63 
USFA:SFA 445 0.21 0.21 1.14 2.76 10.26 
PUFA:SFA 445 0.11 0.11 0.46 1.02 15.62 
C 14:0, % 445 1.18 0.13 0.12 1.99 10.87 
C 14:1, % 445 0.00 0.00 0.00 0.00 . 
C 15:0, % 445 0.06 0.03 0.00 0.16 49.15 
C 16:0, % 445 20.80 1.47 16.25 30.75 7.06 
C 16:1, % 445 2.27 0.27 1.41 3.89 11.88 
C 17:0, % 445 0.35 0.09 0.00 0.79 24.78 
C 17:1, % 445 0.23 0.16 0.00 0.85 66.47 
C 18:0, % 445 10.48 1.07 7.30 14.33 10.20 
C 18:1 n9, % 445 41.53 2.31 13.09 46.89 5.55 
C 18:2 n6, % 445 19.81 2.12 14.63 31.37 10.69 
C 18:3 n6, % 445 0.01 0.02 0.00 0.06 182.42 
C 18:3 n3, % 445 0.73 0.21 0.42 1.31 28.81 
C 20:0, % 445 0.17 0.03 0.00 0.30 20.36 
C 20:1 n9, % 445 0.84 0.11 0.59 1.52 12.83 
C 20:2 n6, % 445 0.89 0.10 0.57 1.30 10.79 
C 20:3 n6, % 445 0.11 0.02 0.00 0.17 17.92 
C 20:4 n6, % 445 0.26 0.04 0.00 0.40 16.05 
C 20:3 n3, % 445 0.11 0.03 0.00 0.19 24.20 
C 20:5 n3, % 445 0.00 0.00 0.00 0.04 1225.24 
C 22:0, % 445 0.00 0.00 0.00 0.03 791.91 
C 22:1 n9, % 445 0.00 0.01 0.00 0.05 544.15 
C 22:2 n6, % 445 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 445 0.12 0.02 0.00 0.31 18.36 





Table B.8. Continued. Summary statistics for carcasses from pigs of the quality production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Belly Quality
2 
Weight, kg 1931 7.57 1.28 3.68 12.64 16.93 
Flop Score 1931 2.27 0.84 0.50 5.00 37.11 
Length, cm 1931 70.70 3.85 56.52 84.46 5.45 
Width, cm 1930 35.67 2.68 27.31 44.45 7.52 
Scribe, cm 1925 7.25 1.44 1.27 12.70 19.80 
Depth, 25%, cm 1931 2.87 0.57 0.64 4.76 19.81 
Depth, 50%, cm 1930 2.24 0.50 0.00 3.81 22.52 
Depth, 75%, cm 1931 2.62 0.47 1.27 4.76 18.02 
Average Depth, cm 1931 2.57 0.45 0.85 4.02 17.60 
Loin Quality
3 
Weight, kg 2091 3.58 0.48 1.71 4.92 13.39 
pH, 31 min  383 6.51 0.20 5.93 6.95 3.06 
pH, 1 d 2100 5.71 0.14 5.37 6.79 2.52 
pH, 20 d 420 5.65 0.13 5.41 6.40 2.26 
Color, 1 d 3894 3.30 0.49 1.00 5.00 14.84 
Marbling, 1 d 3894 2.58 0.85 0.50 6.00 33.00 
Firmness, 1 d 3894 2.85 0.57 1.00 5.00 19.97 
Color, 20 d 420 3.20 0.55 2.00 5.00 17.25 
Marbling, 20 d 420 1.69 0.39 1.00 4.00 23.35 
Firmness, 20 d 420 2.99 0.14 2.00 4.00 4.68 
1 d 
           L* 2048 53.21 2.49 44.33 62.05 4.69 
     a* 2048 7.50 1.11 4.04 11.41 14.82 
     b* 2048 13.77 0.99 10.21 17.63 7.15 
20d 
           L* 420 59.22 2.57 48.85 66.18 4.34 
     a* 420 10.20 1.36 6.29 14.74 13.33 
     b* 420 17.28 0.94 13.88 20.88 5.45 
Purge loss (%), 20 d 413 0.71 0.39 0.00 1.98 54.66 
Cook loss (%), d 20 420 17.37 1.77 8.50 23.00 10.22 





Table B.8. Continued. Summary statistics for carcasses from pigs of the quality production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Ham Quality
4 
Weight, 1 d, kg 3991 11.63 1.20 6.89 15.26 10.33 
Pre-trim weight, kg 438 11.51 1.20 6.84 15.21 10.45 
Post-trim weight, kg 437 9.58 0.98 5.63 12.57 10.27 
Inside weight, kg 438 1.57 0.22 0.45 2.24 14.29 
Outside weight, kg 440 2.18 0.32 1.12 3.17 14.70 
Knuckle weight, kg 440 1.30 0.17 0.72 1.79 13.39 
Shank weight, kg 440 0.69 0.12 0.40 1.69 16.97 
Lite butt weight, kg 439 0.33 0.09 0.08 0.72 26.20 
Gluteus profundus 
           L* 3997 40.77 3.46 32.19 56.98 8.49 
     a* 3997 15.79 2.19 6.83 27.96 13.86 
     b* 3996 3.82 1.59 -0.52 10.36 41.59 
Gluteus medius 
           L* 4000 45.69 3.21 34.06 67.53 7.02 
     a* 3999 9.03 1.58 4.05 18.32 17.46 
     b* 3999 2.32 1.39 -1.59 11.44 60.03 
Semimembranosus 
           L* 436 46.73 3.19 36.38 62.33 6.83 
     a* 436 9.38 1.91 5.03 18.70 20.41 
     b* 435 1.48 1.61 -4.03 6.72 109.16 
Adductor 
           L* 436 39.88 3.16 30.09 55.00 7.92 
     a* 436 10.58 1.98 5.86 20.20 18.74 
     b* 436 1.01 1.49 -2.39 7.16 147.66 
Semitendinosus, light  
           L* 435 52.88 6.40 37.18 73.20 12.10 
     a* 435 7.26 2.20 1.58 15.71 30.30 
     b* 435 2.22 2.01 -3.47 8.01 90.43 
Semitendinosus, dark 
           L* 434 40.44 3.42 31.47 55.57 8.46 
     a* 434 16.79 2.24 3.22 22.60 13.37 
     b* 434 3.25 1.65 -0.78 9.21 50.91 
Biceps femoris 
           L* 435 44.34 3.09 35.15 55.52 6.98 
     a* 435 12.29 2.17 6.57 18.15 17.65 
     b* 435 2.59 1.56 -0.94 8.64 60.29 
Vastus lateralis 
           L* 436 46.93 3.22 38.29 59.64 6.86 
     a* 436 7.39 1.89 2.58 22.18 25.51 
     b* 436 2.86 1.88 -6.02 9.81 65.88 
Rectus femoris 
           L* 436 46.16 3.33 36.85 54.08 7.22 
     a* 436 7.54 1.94 2.91 21.52 25.78 
     b* 436 1.99 1.87 -3.24 7.39 93.67 
pH 





Table B.8. Continued. Summary statistics for carcasses from pigs of the quality production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 439 5.81 0.28 4.81 6.77 4.79 
     Semitendinosus, light  438 5.79 0.27 4.47 6.65 4.74 
     Semitendinosus, dark 438 5.89 0.29 4.85 6.77 4.98 
     Biceps femoris 439 5.70 0.26 4.79 6.87 4.51 
     Vastus lateralis 439 5.73 0.26 4.77 6.73 4.54 
     Rectus femoris 439 6.01 0.31 5.01 6.94 5.18 
Processed Ham Quality
4 
Initial (green) weight, kg 437 4.96 0.61 2.77 6.75 12.36 
Pumped weight, kg 441 5.94 0.74 3.37 8.03 12.51 
Pump percent, % 437 19.88 3.95 7.71 43.55 19.86 
30 minute drained weight, 
kg 441 5.79 0.72 3.28 7.85 12.43 
Pump retention, % 437 16.80 3.13 6.69 34.48 18.64 
Stuffed weight, kg 435 5.62 0.69 3.22 7.56 12.33 
Stuffed yield, % 431 113.22 4.06 104.46 168.80 3.59 
Casing on cooked weight, 
kg 433 4.99 0.65 2.81 6.60 13.08 
Casing off cooked 
weight, kg 433 4.94 0.65 2.74 6.55 13.26 
Cooked yield, % 429 99.45 4.43 86.21 149.63 4.45 
Cured color 
           L* 434 65.94 2.65 58.24 72.79 4.02 
     a* 434 12.14 1.30 8.28 15.89 10.68 
     b* 434 5.55 0.65 2.90 6.85 11.66 
Bind strength, kg 409 7.69 1.94 3.99 14.59 25.28 
Proximate Composition 
           Moisture, % 433 72.44 1.47 67.33 76.79 2.03 
     Lipid, % 433 5.63 1.61 2.47 13.41 28.55 
     Protein, % 433 18.82 1.11 15.73 22.01 5.90 
     PFF
5 
433 19.95 1.12 16.53 23.05 5.60 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5







Table B.9. Summary statistics for carcasses from pigs of the lean production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 3627 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 3585 94.90 7.67 59.41 122.45 8.09 
Fat depth, mm 3403 13.70 3.47 6.00 30.00 25.34 
Loin depth, mm 3403 71.07 7.80 29.00 90.00 10.97 
Percent Lean 3403 59.03 2.40 47.20 65.20 4.07 
FAME Profile
1 
Bruker measured IV 3618 77.27 3.54 65.29 89.26 4.58 
NitFOM measured IV 2828 75.89 3.36 65.00 86.50 4.43 
GC measured IV 
(AOCS) 403 76.89 3.59 66.90 85.90 4.67 
SFA 403 33.30 3.15 24.46 40.97 9.45 
MUFA 403 41.69 3.74 32.49 49.41 8.98 
PUFA 403 25.01 2.44 18.29 31.43 9.74 
USFA:SFA 403 2.03 0.29 1.44 3.09 14.08 
PUFA:SFA 403 0.76 0.11 0.50 1.08 14.43 
C 14:0, % 403 1.21 0.14 0.82 1.57 11.65 
C 14:1, % 403 0.00 0.00 0.00 0.00 . 
C 15:0, % 403 0.06 0.06 0.00 1.03 96.43 
C 16:0, % 403 20.56 1.28 16.20 24.34 6.22 
C 16:1, % 403 2.12 0.51 1.17 4.56 23.97 
C 17:0, % 403 0.35 0.08 0.19 0.91 21.80 
C 17:1, % 403 0.21 0.13 0.00 0.70 62.74 
C 18:0, % 403 10.95 2.31 6.43 17.80 21.08 
C 18:1 n9, % 403 38.55 3.37 30.26 46.06 8.74 
C 18:2 n6, % 403 22.51 2.22 16.47 28.18 9.87 
C 18:3 n6, % 403 0.02 0.02 0.00 0.07 131.39 
C 18:3 n3, % 403 0.78 0.10 0.48 1.11 12.48 
C 20:0, % 403 0.17 0.03 0.10 0.33 17.29 
C 20:1 n9, % 403 0.82 0.11 0.51 1.13 13.82 
C 20:2 n6, % 403 1.01 0.13 0.72 1.33 12.46 
C 20:3 n6, % 403 0.13 0.02 0.00 0.20 14.14 
C 20:4 n6, % 403 0.27 0.04 0.17 0.41 16.13 
C 20:3 n3, % 403 0.12 0.02 0.00 0.32 19.12 
C 20:5 n3, % 403 0.00 0.00 0.00 0.04 2007.49 
C 22:0, % 403 0.00 0.00 0.00 0.08 1494.80 
C 22:1 n9, % 403 0.00 0.01 0.00 0.05 516.98 
C 22:2 n6, % 403 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 403 0.13 0.03 0.00 0.20 20.91 





Table B.9. Continued. Summary statistics for carcasses from pigs of the lean production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Belly Quality
2 
Weight, kg 1717 7.28 0.96 4.21 10.60 13.17 
Flop Score 1715 1.80 0.76 0.50 4.00 42.33 
Length, cm 1717 67.60 4.21 52.71 81.92 6.23 
Width, cm 1717 36.18 2.12 28.58 43.18 5.85 
Scribe, cm 1713 7.42 1.24 1.27 13.34 16.72 
Depth, 25%, cm 1717 2.74 0.51 0.64 4.76 18.68 
Depth, 50%, cm 1716 2.18 0.38 0.64 3.81 17.58 
Depth, 75%, cm 1716 2.50 0.41 1.27 4.13 16.57 
Average Depth, cm 1717 2.47 0.37 0.85 4.02 14.96 
Loin Quality
3 
Weight, kg 1882 3.93 0.43 2.51 5.45 10.98 
pH, 31 min  391 6.58 0.20 5.68 7.07 3.01 
pH, 1 d 1890 5.67 0.15 5.40 6.67 2.56 
pH, 20 d 398 5.72 0.20 5.34 7.00 3.50 
Color, 1 d 3487 2.85 0.55 1.50 4.50 19.20 
Marbling, 1 d 3487 1.63 0.72 0.50 5.00 44.40 
Firmness, 1 d 3487 2.63 0.65 1.00 4.00 24.63 
Color, 20 d 398 3.06 0.62 2.00 6.00 20.24 
Marbling, 20 d 398 1.47 0.24 1.00 3.00 16.50 
Firmness, 20 d 398 2.99 0.18 2.00 4.00 5.92 
1 d 
           L* 1889 52.05 2.35 44.30 61.09 4.51 
     a* 1889 7.29 1.18 2.94 11.22 16.20 
     b* 1889 13.50 1.08 9.92 17.09 7.97 
20d 
           L* 398 58.62 2.68 49.69 66.84 4.57 
     a* 398 9.91 1.42 4.77 15.22 14.34 
     b* 398 16.94 1.07 13.40 21.74 6.32 
Purge loss (%), 20 d 392 1.15 0.73 0.00 4.71 63.87 
Cook loss (%), d 20 398 17.18 2.23 8.40 23.15 12.99 





Table B.9. Continued. Summary statistics for carcasses from pigs of the lean production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 3548 11.86 0.95 7.91 15.60 7.99 
Pre-trim weight, kg 403 11.79 0.95 8.41 14.91 8.07 
Post-trim weight, kg 405 10.03 0.85 7.07 12.14 8.48 
Inside weight, kg 400 1.71 0.22 1.06 2.71 12.85 
Outside weight, kg 405 2.30 0.29 1.63 3.21 12.60 
Knuckle weight, kg 405 1.36 0.16 0.94 1.78 11.40 
Shank weight, kg 405 0.69 0.09 0.47 1.18 12.43 
Lite butt weight, kg 404 0.36 0.09 0.10 0.66 24.55 
Gluteus profundus 
           L* 3421 40.41 3.76 22.88 56.64 9.32 
     a* 3421 15.79 2.16 5.90 23.33 13.71 
     b* 3420 3.63 1.79 -4.64 14.04 49.40 
Gluteus medius 
           L* 3422 45.68 3.56 20.64 68.04 7.78 
     a* 3421 9.15 2.09 2.83 24.45 22.90 
     b* 3421 2.38 1.78 -4.23 20.15 74.90 
Semimembranosus 
           L* 404 46.40 3.07 38.07 59.63 6.61 
     a* 405 9.70 1.79 4.27 16.79 18.47 
     b* 404 1.60 1.49 -4.12 9.43 93.14 
Adductor 
           L* 405 38.64 2.92 31.08 49.06 7.55 
     a* 405 10.71 1.77 6.49 19.85 16.51 
     b* 405 0.74 1.27 -1.91 7.22 172.43 
Semitendinosus, light  
           L* 405 51.22 5.69 35.72 68.30 11.10 
     a* 405 7.14 2.15 1.98 18.38 30.06 
     b* 405 1.67 1.73 -2.28 7.84 103.55 
Semitendinosus, dark 
           L* 405 39.70 3.17 31.41 55.92 7.99 
     a* 405 16.47 2.48 2.68 22.06 15.05 
     b* 405 3.05 1.52 -0.97 7.74 49.75 
Biceps femoris 
           L* 405 43.49 2.93 35.81 52.38 6.73 
     a* 405 12.66 1.97 6.65 21.06 15.52 
     b* 405 2.72 1.68 -0.79 10.58 61.65 
Vastus lateralis 
           L* 405 46.00 3.14 33.87 53.60 6.82 
     a* 405 7.48 1.81 3.83 16.49 24.21 
     b* 405 2.75 1.92 -4.23 11.68 69.73 
Rectus femoris 
           L* 405 44.55 3.16 34.25 56.09 7.10 
     a* 405 7.96 1.81 3.81 15.32 22.72 
     b* 405 1.99 1.75 -2.26 7.75 87.88 
pH 





Table B.9. Continued. Summary statistics for carcasses from pigs of the lean production focus 
Variable N Mean Std Dev Minimum Maximum  CV 
     Adductor 404 5.78 0.30 4.96 7.08 5.18 
     Semitendinosus, light  404 5.74 0.28 4.93 6.91 4.89 
     Semitendinosus, dark 404 5.84 0.31 4.87 6.70 5.29 
     Biceps femoris 404 5.67 0.29 4.89 7.05 5.13 
     Vastus lateralis 404 5.73 0.31 4.92 7.04 5.36 
     Rectus femoris 404 6.07 0.34 5.07 7.07 5.59 
Processed Ham Quality
4 
Initial (green) weight, kg 403 5.27 0.57 3.89 7.05 10.84 
Pumped weight, kg 403 6.32 0.72 4.50 8.81 11.36 
Pump percent, % 403 20.06 4.13 12.84 43.85 20.60 
30 minute drained 
weight, kg 403 6.16 0.70 4.42 8.38 11.31 
Pump retention, % 403 16.95 3.43 9.89 36.44 20.22 
Stuffed weight, kg 395 5.93 0.65 4.26 7.97 10.88 
Stuffed yield, % 393 112.89 3.39 77.21 123.83 3.00 
Casing on cooked 
weight, kg 396 5.28 0.61 3.77 7.15 11.49 
Casing off cooked 
weight, kg 396 5.22 0.61 3.71 7.09 11.61 
Cooked yield, % 394 99.21 3.63 67.90 114.18 3.66 
Cured color 
           L* 389 66.01 2.80 55.93 75.53 4.25 
     a* 389 12.30 1.28 8.13 15.66 10.44 
     b* 389 5.52 0.69 1.18 7.30 12.46 
Bind strength, kg 383 7.83 2.05 2.62 17.39 26.13 
Proximate Composition 
           Moisture, % 396 73.06 1.36 67.42 78.57 1.86 
     Lipid, % 396 4.37 1.27 1.75 9.51 29.00 
     Protein, % 392 19.18 1.05 15.60 22.25 5.47 
     PFF
5 
392 20.06 1.08 16.06 23.04 5.40 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5







Table B.10. Summary statistics for carcasses from pigs slaughtered in the cold season 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 4290 -- -- -- -- -- 
Carcass Composition 
Hot carcass weight, kg 4241 95.07 8.30 59.41 126.98 8.73 
Fat depth, mm 3756 14.75 4.13 6.00 33.00 27.98 
Loin depth, mm 3756 70.48 8.00 20.00 92.00 11.35 
Percent Lean 3756 58.32 2.85 46.60 65.20 4.88 
FAME Profile
1 
Bruker measured IV 4279 76.01 3.86 64.19 89.26 5.08 
NitFOM measured IV 3620 75.01 3.50 65.00 86.50 4.66 
GC measured IV (AOCS) 450 75.64 3.89 66.50 85.90 5.15 
SFA 450 32.57 2.26 24.46 39.40 6.94 
MUFA 450 44.76 2.02 38.41 50.50 4.52 
PUFA 450 22.68 2.74 16.40 30.87 12.08 
USFA:SFA 450 2.09 0.22 1.54 3.09 10.53 
PUFA:SFA 450 0.70 0.13 0.46 1.08 17.91 
C 14:0, % 450 1.18 0.13 0.12 1.57 11.19 
C 14:1, % 450 0.00 0.00 0.00 0.00 . 
C 15:0, % 450 0.05 0.03 0.00 0.14 45.98 
C 16:0, % 450 20.87 1.27 16.20 24.39 6.10 
C 16:1, % 450 2.36 0.35 1.69 4.56 15.05 
C 17:0, % 450 0.35 0.08 0.17 0.91 24.10 
C 17:1, % 450 0.18 0.17 0.00 0.85 92.69 
C 18:0, % 450 9.95 1.22 6.43 13.44 12.24 
C 18:1 n9, % 450 41.41 1.98 35.62 46.74 4.78 
C 18:2 n6, % 450 20.46 2.53 14.63 27.94 12.35 
C 18:3 n6, % 450 0.01 0.02 0.00 0.07 210.27 
C 18:3 n3, % 450 0.65 0.11 0.42 0.96 16.55 
C 20:0, % 450 0.17 0.03 0.10 0.26 16.28 
C 20:1 n9, % 450 0.81 0.11 0.51 1.52 13.71 
C 20:2 n6, % 450 0.93 0.10 0.69 1.30 11.19 
C 20:3 n6, % 450 0.12 0.02 0.00 0.20 16.33 
C 20:4 n6, % 450 0.27 0.04 0.17 0.41 16.09 
C 20:3 n3, % 450 0.11 0.02 0.00 0.32 20.31 
C 20:5 n3, % 450 0.00 0.00 0.00 0.00 . 
C 22:0, % 450 0.00 0.00 0.00 0.00 . 
C 22:1 n9, % 450 0.00 0.00 0.00 0.00 . 
C 22:2 n6, % 450 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 450 0.12 0.02 0.00 0.31 18.97 






Table B.10. Continued. Summary statistics for carcasses from pigs slaughtered in the cold season 
Variable N Mean Std Dev Minimum Maximum CV 
Belly Quality
2 
Weight, kg 2045 7.47 1.11 4.21 12.64 14.82 
Flop Score 2044 2.03 0.88 0.50 5.00 43.33 
Length, cm 2045 68.92 4.63 52.71 84.46 6.72 
Width, cm 2044 36.48 2.45 27.31 43.82 6.70 
Scribe, cm 2040 7.54 1.56 1.27 13.34 20.75 
Depth, 25%, cm 2045 2.82 0.54 0.64 4.76 19.19 
Depth, 50%, cm 2043 2.26 0.42 0.64 3.81 18.52 
Depth, 75%, cm 2044 2.57 0.44 1.27 4.76 16.96 
Average Depth, cm 2045 2.55 0.40 0.85 4.02 15.74 
Loin Quality
3 
Weight, kg 2364 3.80 0.41 1.91 5.45 10.90 
pH, 31 min  401 6.61 0.19 5.93 7.07 2.93 
pH, 1 d 2381 5.67 0.13 5.40 6.43 2.33 
pH, 20 d 445 5.65 0.12 5.34 6.11 2.19 
Color, 1 d 4158 3.06 0.64 1.00 5.00 21.05 
Marbling, 1 d 4158 2.14 0.95 0.50 6.00 44.55 
Firmness, 1 d 4158 2.75 0.66 1.00 5.00 24.05 
Color, 20 d 445 3.09 0.42 2.00 5.00 13.50 
Marbling, 20 d 445 1.53 0.31 1.00 3.00 20.22 
Firmness, 20 d 445 2.99 0.15 2.00 4.00 5.19 
1 d 
           L* 2328 52.01 2.25 44.33 60.20 4.34 
     a* 2328 7.66 1.10 4.15 11.41 14.34 
     b* 2328 13.34 0.98 9.92 16.80 7.36 
20d 
           L* 445 58.64 2.19 48.85 64.03 3.73 
     a* 445 10.47 1.21 6.93 15.22 11.57 
     b* 445 17.02 0.80 13.88 19.66 4.72 
Purge loss (%), 20 d 441 1.10 0.69 0.00 4.71 62.94 
Cook loss (%), d 20 445 17.88 1.71 12.43 23.15 9.56 





Table B.10. Continued. Summary statistics for carcasses from pigs slaughtered in the cold season 
Variable N Mean Std Dev Minimum Maximum CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 4211 11.81 0.96 7.53 15.60 8.13 
Pre-trim weight, kg 446 11.70 1.00 8.41 15.21 8.58 
Post-trim weight, kg 446 9.84 0.88 7.07 12.57 8.91 
Inside weight, kg 450 1.67 0.22 1.06 2.54 12.90 
Outside weight, kg 450 2.31 0.30 1.44 3.21 13.16 
Knuckle weight, kg 450 1.35 0.16 0.88 1.79 11.73 
Shank weight, kg 450 0.71 0.12 0.48 1.69 16.45 
Lite butt weight, kg 449 0.36 0.08 0.13 0.63 22.67 
Gluteus profundus 
           L* 4073 40.65 3.68 22.88 56.64 9.06 
     a* 4073 15.70 2.18 5.90 27.96 13.91 
     b* 4071 3.95 1.77 -4.64 14.04 44.86 
Gluteus medius 
           L* 4074 45.56 3.49 20.64 68.04 7.66 
     a* 4072 9.49 2.00 2.83 24.45 21.04 
     b* 4072 2.65 1.75 -4.23 20.15 66.07 
Semimembranosus 
           L* 446 46.19 2.83 36.38 55.17 6.12 
     a* 447 9.87 1.85 5.88 18.70 18.79 
     b* 445 1.65 1.47 -4.03 6.72 88.94 
Adductor 
           L* 447 38.92 2.78 32.41 55.00 7.14 
     a* 447 10.79 1.88 5.86 20.20 17.41 
     b* 447 0.97 1.20 -1.34 5.86 124.01 
Semitendinosus, light  
           L* 446 49.12 5.28 37.18 65.22 10.74 
     a* 446 7.90 2.29 1.58 18.38 28.99 
     b* 446 1.39 1.85 -3.47 8.01 133.36 
Semitendinosus, dark 
           L* 445 40.40 3.37 32.53 51.57 8.35 
     a* 445 16.20 2.25 8.53 22.60 13.90 
     b* 445 3.34 1.62 -0.97 9.21 48.46 
Biceps femoris 
           L* 446 43.55 2.89 35.15 55.52 6.64 
     a* 446 12.97 2.07 7.21 18.68 15.98 
     b* 446 2.98 1.68 -0.94 8.64 56.39 
Vastus lateralis 
           L* 447 45.98 2.99 33.87 59.64 6.50 
     a* 447 7.73 1.94 3.48 22.18 25.16 
     b* 447 3.00 1.88 -4.84 9.81 62.48 
Rectus femoris 
           L* 447 44.72 3.02 35.69 53.79 6.76 
     a* 447 7.96 1.92 2.91 21.52 24.14 
     b* 447 2.08 1.78 -3.24 6.73 85.65 
pH 





Table B.10. Continued. Summary statistics for carcasses from pigs slaughtered in the cold season 
Variable N Mean Std Dev Minimum Maximum CV 
     Adductor 447 5.74 0.30 4.81 6.77 5.27 
     Semitendinosus, light  446 5.73 0.30 4.47 6.91 5.24 
     Semitendinosus, dark 446 5.79 0.32 4.85 6.75 5.48 
     Biceps femoris 447 5.64 0.28 4.79 6.54 5.05 
     Vastus lateralis 447 5.69 0.30 4.77 6.60 5.36 
     Rectus femoris 447 6.00 0.35 5.01 6.94 5.87 
Processed Ham Quality
4 
Initial (green) weight, kg 446 5.18 0.58 3.59 6.99 11.18 
Pumped weight, kg 448 6.21 0.69 4.24 8.28 11.18 
Pump percent, % 446 19.71 3.10 9.40 39.32 15.75 
30 minute drained weight, 
kg 448 6.05 0.67 4.17 8.12 11.15 
Pump retention, % 446 16.59 2.59 7.89 34.40 15.59 
Stuffed weight, kg 443 5.87 0.64 4.13 7.95 10.94 
Stuffed yield, % 439 113.31 3.05 98.41 131.78 2.69 
Casing on cooked weight, 
kg 440 5.23 0.60 3.53 7.14 11.47 
Casing off cooked weight, 
kg 440 5.18 0.60 3.48 7.09 11.58 
Cooked yield, % 436 99.90 3.27 85.96 117.10 3.27 
Cured color 
           L* 435 66.79 2.56 58.24 75.53 3.83 
     a* 435 12.59 1.20 9.20 15.89 9.54 
     b* 435 5.53 0.58 3.40 6.95 10.50 
Bind strength, kg 426 7.57 1.78 2.62 14.91 23.53 
Proximate Composition 
           Moisture, % 442 72.78 1.45 67.33 77.22 1.99 
     Lipid, % 442 5.08 1.63 1.75 13.41 32.11 
     Protein, % 438 18.66 1.02 15.73 22.25 5.47 
     PFF
5 
438 19.66 1.00 16.73 22.91 5.10 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
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Table B.11. Summary statistics for carcasses from pigs slaughtered in the hot season 
Variable N Mean Std Dev Minimum Maximum  CV 
Total Observations 3394 -- -- -- -- -- 
Carcass Composition 
Hot Carcass Weight, kg 3335 93.77 10.57 53.06 129.25 11.27 
Fat depth , mm 3164 16.19 3.68 8.00 38.00 22.76 
Loin depth, mm 3164 65.07 8.19 27.00 90.00 12.59 
Percent Lean 3164 56.80 2.41 42.50 63.10 4.24 
FAME Profile
1 
Bruker measured IV 3383 75.59 3.12 64.99 86.85 4.12 
NitFOM measured IV 2005 73.40 3.02 63.90 92.50 4.11 
GC measured IV (AOCS) 398 75.94 3.30 66.90 84.70 4.35 
SFA 398 33.82 3.02 26.57 46.66 8.92 
MUFA 398 41.79 4.01 18.71 50.46 9.60 
PUFA 398 24.38 2.58 17.63 34.63 10.59 
USFA:SFA 398 1.98 0.27 1.14 2.76 13.48 
PUFA:SFA 398 0.73 0.10 0.48 1.05 13.81 
C 14:0, % 398 1.22 0.14 0.85 1.99 11.20 
C 14:1, % 398 0.00 0.00 0.00 0.00 . 
C 15:0, % 398 0.06 0.06 0.00 1.03 95.73 
C 16:0, % 398 20.48 1.48 16.25 30.75 7.21 
C 16:1, % 398 2.02 0.39 1.17 3.89 19.24 
C 17:0, % 398 0.35 0.08 0.00 0.79 22.61 
C 17:1, % 398 0.27 0.09 0.00 0.66 34.75 
C 18:0, % 398 11.56 1.93 7.30 17.80 16.74 
C 18:1 n9, % 398 38.65 3.71 13.09 46.89 9.59 
C 18:2 n6, % 398 21.81 2.38 15.72 31.37 10.93 
C 18:3 n6, % 398 0.02 0.02 0.00 0.07 117.92 
C 18:3 n3, % 398 0.87 0.15 0.55 1.31 16.97 
C 20:0, % 398 0.17 0.04 0.00 0.33 21.65 
C 20:1 n9, % 398 0.85 0.11 0.59 1.27 12.52 
C 20:2 n6, % 398 0.98 0.15 0.57 1.33 14.85 
C 20:3 n6, % 398 0.12 0.02 0.00 0.17 17.39 
C 20:4 n6, % 398 0.27 0.04 0.00 0.40 16.25 
C 20:3 n3, % 398 0.13 0.03 0.00 0.19 20.44 
C 20:5 n3, % 398 0.00 0.00 0.00 0.04 1000.39 
C 22:0, % 398 0.00 0.01 0.00 0.08 716.88 
C 22:1 n9, % 398 0.00 0.01 0.00 0.05 356.24 
C 22:2 n6, % 398 0.00 0.00 0.00 0.00 . 
C 22:4 n6, % 398 0.13 0.03 0.00 0.20 19.48 






Table B.11. Continued. Summary statistics for carcasses from pigs slaughtered in the hot season 
Variable N Mean Std Dev Minimum Maximum CV 
Belly Quality
2 
Weight, kg 1603 7.39 1.20 3.68 11.36 16.28 
Flop Score 1602 2.07 0.78 0.50 4.00 37.79 
Length, cm 1603 69.65 3.83 56.52 83.19 5.50 
Width, cm 1603 35.19 2.25 27.31 44.45 6.39 
Scribe, cm 1598 7.06 0.95 2.54 11.43 13.41 
Depth, 25%, cm 1603 2.79 0.55 0.64 4.76 19.76 
Depth, 50%, cm 1603 2.14 0.48 0.00 3.18 22.54 
Depth, 75%, cm 1603 2.54 0.46 1.27 4.76 18.26 
Average Depth, cm 1603 2.49 0.44 0.85 4.02 17.56 
Loin Quality
3 
Weight, kg 1609 3.67 0.57 1.71 5.40 15.66 
pH, 31 min  373 6.48 0.19 5.68 6.95 2.89 
pH, 1 d 1609 5.72 0.16 5.37 6.79 2.76 
pH, 20 d 373 5.73 0.21 5.45 7.00 3.60 
Color, 1 d 3223 3.12 0.44 1.50 4.50 14.01 
Marbling, 1 d 3223 2.13 0.89 0.50 6.00 41.75 
Firmness, 1 d 3223 2.74 0.56 1.00 4.00 20.27 
Color, 20 d 373 3.17 0.74 2.00 6.00 23.40 
Marbling, 20 d 373 1.65 0.38 1.00 4.00 22.89 
Firmness, 20 d 373 2.99 0.16 2.00 4.00 5.47 
1 d 
           L* 1609 53.60 2.52 44.30 62.05 4.70 
     a* 1609 7.02 1.12 2.94 11.06 15.96 
     b* 1609 14.08 0.96 10.31 17.63 6.82 
20d 
           L* 373 59.28 3.06 49.69 66.84 5.17 
     a* 373 9.58 1.45 4.77 14.74 15.14 
     b* 373 17.23 1.22 13.40 21.74 7.09 
Purge loss (%), 20 d 364 0.71 0.44 0.00 2.79 61.68 
Cook loss (%), d 20 373 16.56 2.11 8.40 23.00 12.72 





Table B.11. Continued. Summary statistics for carcasses from pigs slaughtered in the hot season 
Variable N Mean Std Dev Minimum Maximum CV 
Fresh Ham Quality
4 
Weight, 1 d, kg 3328 11.64 1.24 6.89 15.37 10.64 
Pre-trim weight, kg 395 11.58 1.19 6.84 14.91 10.32 
Post-trim weight, kg 396 9.74 1.02 5.63 12.23 10.49 
Inside weight, kg 388 1.60 0.24 0.45 2.71 15.31 
Outside weight, kg 395 2.15 0.30 1.12 3.00 13.92 
Knuckle weight, kg 395 1.30 0.18 0.72 1.77 13.48 
Shank weight, kg 395 0.68 0.08 0.40 0.88 12.45 
Lite butt weight, kg 394 0.34 0.10 0.08 0.72 28.73 
Gluteus profundus 
           L* 3345 40.55 3.52 29.49 56.98 8.68 
     a* 3345 15.90 2.16 6.83 24.75 13.62 
     b* 3345 3.48 1.55 -0.85 9.64 44.51 
Gluteus medius 
           L* 3348 45.84 3.22 32.12 60.76 7.02 
     a* 3348 8.60 1.48 4.05 18.08 17.16 
     b* 3348 1.97 1.25 -1.79 6.74 63.32 
Semimembranosus 
           L* 394 47.00 3.40 38.07 62.33 7.24 
     a* 394 9.15 1.80 4.27 16.79 19.64 
     b* 394 1.41 1.64 -4.12 9.43 116.56 
Adductor 
           L* 394 39.69 3.40 30.09 52.26 8.56 
     a* 394 10.48 1.88 6.49 19.85 17.90 
     b* 394 0.78 1.59 -2.39 7.22 203.65 
Semitendinosus, light  
           L* 394 55.43 5.22 35.72 73.20 9.41 
     a* 394 6.41 1.72 2.34 16.57 26.82 
     b* 394 2.60 1.74 -2.18 7.84 67.03 
Semitendinosus, dark 
           L* 394 39.73 3.23 31.41 55.92 8.13 
     a* 394 17.12 2.39 2.68 22.06 13.98 
     b* 394 2.94 1.53 -0.78 7.62 52.18 
Biceps femoris 
           L* 394 44.37 3.15 36.85 52.38 7.10 
     a* 394 11.90 1.94 6.57 21.06 16.30 
     b* 394 2.28 1.46 -0.79 10.58 63.97 
Vastus lateralis 
           L* 394 47.05 3.36 35.95 55.45 7.15 
     a* 394 7.10 1.68 2.58 13.35 23.60 
     b* 394 2.58 1.90 -6.02 11.68 73.68 
Rectus femoris 
           L* 394 46.14 3.54 34.25 56.09 7.67 
     a* 394 7.49 1.82 3.12 15.32 24.34 
     b* 394 1.89 1.83 -2.26 7.75 97.23 
pH 





Table B.11. Continued. Summary statistics for carcasses from pigs slaughtered in the hot season 
Variable N Mean Std Dev Minimum Maximum CV 
     Adductor 396 5.86 0.26 5.10 7.08 4.43 
     Semitendinosus, light  396 5.81 0.25 5.01 6.65 4.22 
     Semitendinosus, dark 396 5.95 0.26 5.13 6.77 4.37 
     Biceps femoris 396 5.73 0.25 4.97 7.05 4.43 
     Vastus lateralis 396 5.78 0.25 4.99 7.04 4.33 
     Rectus femoris 396 6.08 0.29 5.17 7.07 4.77 
Processed Ham Quality
4 
Initial (green) weight, kg 394 5.01 0.64 2.77 7.05 12.68 
Pumped weight, kg 396 6.03 0.81 3.37 8.81 13.42 
Pump percent, % 394 20.26 4.87 7.71 43.85 24.03 
30 minute drained weight, 
kg 396 5.88 0.78 3.28 8.38 13.32 
Pump retention, % 394 17.19 3.89 6.69 36.44 22.63 
Stuffed weight, kg 387 5.65 0.72 3.22 7.97 12.77 
Stuffed yield, % 385 112.79 4.41 77.21 168.80 3.91 
Casing on cooked weight, 
kg 389 5.01 0.68 2.81 7.15 13.53 
Casing off cooked weight, 
kg 389 4.95 0.68 2.74 7.08 13.70 
Cooked yield, % 387 98.69 4.73 67.90 149.63 4.79 
Cured color 
           L* 388 65.06 2.61 55.93 72.23 4.02 
     a* 388 11.80 1.26 8.13 15.66 10.71 
     b* 388 5.54 0.75 1.18 7.30 13.56 
Bind strength, kg 366 7.98 2.20 3.62 17.39 27.56 
Proximate Composition 
           Moisture, % 387 72.69 1.46 68.18 78.57 2.00 
     Lipid, % 387 4.97 1.53 1.79 11.29 30.75 
     Protein, % 387 19.37 1.06 15.60 22.16 5.45 
     PFF
5 
387 20.38 1.08 16.06 23.05 5.31 
1
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated 
fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score 
of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3 
SSF = slice shear force. L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a 




L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles were determined as 1 measurement per muscle and cured ham color was 
determined on ham steaks as the average of 4 measurements.
 
5






PEARSON CORRELATION COEFFICIENTS OF THE WHOLE SWINE POPULATION 
USED IN CHAPTERS 3, 4, & 5 
Table C.1. Whole population Pearson correlation 

















0.574 0.201 -0.428 




0.451 0.664 -0.009 -0.584 
<0.0001 <0.0001 0.61 <0.0001 
Length 
0.469 0.308 -0.050 -0.289 
<0.0001 <0.0001 <0.01 <0.0001 
Width 
0.509 0.155 0.260 -0.040 
<0.0001 <0.0001 <0.0001 0.02 
Scribe 
0.011 -0.078 0.076 0.096 
0.53 <0.0001 <0.0001 <0.0001 
Depth, 
25% 
0.528 0.585 0.111 -0.471 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
50% 
0.540 0.518 0.152 -0.396 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
75% 
0.531 0.436 0.117 -0.338 
<0.0001 <0.0001 <0.0001 <0.0001 
Average 
Depth 
0.615 0.599 0.145 -0.470 
<0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. 
P-value for difference from zero provided below. 
2 
A subjective flop score of 0.5 (soft) through 5.0 (firm) 
in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 
0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 
2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 
score of 4 was 20.1 to 25 cm and a score of 5 was greater 






Table C.2. Whole population Pearson correlation 















0.723 -0.064 0.545 0.258 
<0.0001 <0.01 <0.0001 <0.0001 
pH, 31 min  
-0.047 -0.170 0.191 0.218 
0.20 <0.0001 <0.0001 <0.0001 
pH, 1d 
-0.111 0.098 -0.163 -0.147 
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d 
0.092 0.141 -0.006 -0.126 
0.01 <0.01 0.87 <0.01 
Color, 1 d 
0.040 0.282 -0.196 -0.321 
<0.01 <0.0001 <0.0001 <0.0001 
Marbling, 1 
d 
-0.022 0.414 -0.249 -0.456 
0.06 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.166 0.282 0.064 -0.225 
<0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.111 0.173 -0.026 -0.161 
<0.01 <0.0001 0.48 <0.0001 
Marbling, 
20 d 
0.104 0.395 -0.166 -0.407 
<0.01 <0.0001 <0.0001 <0.0001 
Firmness, 
20 d 
0.071 0.063 -0.021 -0.065 





Table C.2. Continued. Whole population Pearson 

















   
     L* 
-0.089 0.168 -0.184 -0.215 
<0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.085 0.158 0.052 -0.117 
<0.0001 <0.0001 <0.01 <0.0001 
     b* 
0.058 0.280 -0.126 -0.292 




   
     L* 
-0.099 0.020 -0.077 -0.047 
<0.01 0.59 0.04 0.20 
     a* 
-0.029 0.058 -0.060 -0.073 
0.41 0.11 0.10 0.05 
     b* 
-0.006 0.165 -0.137 -0.195 
0.86 <0.0001 <0.01 <0.0001 
Purge loss, 
20 d 
-0.059 -0.338 0.204 0.370 
0.10 <0.0001 <0.0001 <0.0001 
Cook loss, 
21 d 
-0.237 -0.252 -0.038 0.206 
<0.0001 <0.0001 0.30 <0.0001 
SSF
3 
-0.211 -0.428 0.073 0.401 
<0.0001 <0.0001 0.05 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value 
indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). 
Instrumental loin color determined as the average of 2 
measurements on the ventral surface of the loin. 
3 







Table C.3. Whole population Pearson correlation coefficients of carcass 










Weight, 1 d 
0.890 0.233 0.412 -0.054 
<0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.869 0.224 0.374 -0.059 
<0.0001 <0.0001 <0.0001 0.10 
Post-trim weight 
0.790 0.014 0.413 0.140 
<0.0001 0.70 <0.0001 <0.01 
Inside weight 
0.593 -0.186 0.451 0.330 
<0.0001 <0.0001 <0.0001 <0.0001 
Outside weight 
0.584 -0.121 0.360 0.240 
<0.0001 <0.01 <0.0001 <0.0001 
Knuckle weight 
0.571 -0.060 0.387 0.195 
<0.0001 0.10 <0.0001 <0.0001 
Shank weight 
0.514 0.031 0.265 0.071 
<0.0001 0.39 <0.0001 0.05 
Lite butt weight 
0.152 -0.118 0.182 0.173 
<0.0001 <0.01 <0.0001 <0.0001 
Gluteus profundus
 
    
     L* 
-0.169 -0.115 -0.081 0.073 
<0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.040 0.050 0.024 -0.036 
<0.01 <0.0001 0.05 <0.01 
     b* 
-0.031 -0.026 -0.010 0.019 
0.01 0.03 0.41 0.12 
Gluteus medius
 
    
     L* 
-0.068 -0.061 -0.012 0.049 
<0.0001 <0.0001 0.31 <0.0001 
     a* 
0.063 0.012 0.109 0.030 
<0.0001 0.31 <0.0001 0.02 
     b* 
0.090 0.021 0.062 0.006 
<0.0001 0.09 <0.0001 0.64 
Semimembranosus
 
    
     L* 
-0.061 -0.028 -0.052 0.006 
0.08 0.44 0.15 0.87 
     a* 
0.156 -0.023 0.101 0.056 
<0.0001 0.53 0.01 0.12 
     b* 
0.090 -0.038 0.085 0.067 
0.01 0.29 0.02 0.06 
Adductor
 
    
     L* 
-0.163 0.001 -0.178 -0.070 
<0.0001 0.97 <0.0001 0.06 
     a* 
0.022 -0.013 0.008 0.014 
0.53 0.72 0.82 0.69 
     b* 
-0.074 -0.024 -0.115 -0.022 





Table C.3. Continued. Whole population Pearson correlation coefficients 










Semitendinosus, light  
    
     L* 
0.009 0.210 -0.218 -0.267 
0.80 <0.0001 <0.0001 <0.0001 
     a* 
0.035 0.049 0.097 -0.010 
0.31 0.18 0.01 0.79 
     b* 
0.060 0.269 -0.138 -0.292 
0.09 <0.0001 <0.01 <0.0001 
Semitendinosus, dark
 
    
     L* 
-0.069 0.045 -0.048 -0.058 
0.05 0.22 0.19 0.11 
     a* 
0.115 0.216 -0.039 -0.205 
<0.01 <0.0001 0.29 <0.0001 
     b* 
0.061 0.165 0.029 -0.138 
0.08 <0.0001 0.42 <0.01 
Biceps femoris
 
    
     L* 
-0.003 0.080 -0.020 -0.077 
0.94 0.03 0.59 0.03 
     a* 
0.095 -0.037 0.060 0.052 
0.01 0.30 0.10 0.15 
     b* 
0.119 -0.013 0.130 0.057 
<0.01 0.72 <0.01 0.12 
Vastus lateralis
 
    
     L* 
-0.146 -0.017 -0.154 -0.041 
<0.0001 0.63 <0.0001 0.26 
     a* 
0.061 0.027 0.019 -0.018 
0.08 0.46 0.60 0.62 
     b* 
0.008 -0.073 0.034 0.076 
0.82 0.05 0.35 0.04 
Rectus femoris
 
    
     L* 
-0.080 0.007 -0.180 -0.071 
0.02 0.85 <0.0001 0.05 
     a* 
0.108 0.070 0.067 -0.038 
<0.01 0.05 0.06 0.30 
     b* 
0.133 -0.082 0.044 0.089 






Table C.3. Continued. Whole population Pearson correlation coefficients 











    
     Semimembranosus 
0.032 0.105 -0.087 -0.125 
0.36 <0.01 0.02 <0.01 
     Adductor 
0.073 0.121 -0.086 -0.138 
0.04 <0.01 0.02 <0.01 
     Semitendinosus, 
light  
0.012 0.055 -0.088 -0.080 
0.74 0.13 0.01 0.03 
     Semitendinosus, 
dark 
0.039 0.082 -0.100 -0.109 
0.26 0.02 0.01 <0.01 
     Biceps femoris 
0.005 0.078 -0.104 -0.107 
0.89 0.03 <0.01 <0.01 
     Vastus lateralis 
0.019 0.070 -0.081 -0.091 
0.59 0.05 0.03 0.01 
     Rectus femoris 
0.020 0.004 0.007 -0.001 
0.57 0.91 0.84 0.97 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter 
color); a* measures redness (greater a* value indicates a redder color); b* 
measures yellowness (greater b* value indicates a more yellow color); 
Instrumental color on fresh muscle was determined on one measure per 
muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), 
semitendinosus dark portion (proximal edge where the head of the femur 
was removed, semitendinosus light (medial edge of the distal end), biceps 







Table C.4. Whole population Pearson correlation coefficients of 












Initial (green) weight 
0.648 -0.134 0.425 0.275 
<0.0001 <0.01 <0.0001 <0.0001 
Pumped weight 
0.606 -0.154 0.421 0.291 
<0.0001 <0.0001 <0.0001 <0.0001 
Pump percent 
-0.093 -0.091 0.024 0.088 
0.01 0.01 0.51 0.01 
30 minute drained 
weight 
0.618 -0.149 0.423 0.287 
<0.0001 <0.0001 <0.0001 <0.0001 
Pump retention 
-0.072 -0.084 0.031 0.085 
0.04 0.02 0.39 0.02 
Stuffed weight 
0.621 -0.157 0.433 0.297 
<0.0001 <0.0001 <0.0001 <0.0001 
Stuffed yield 
-0.099 -0.057 0.009 0.054 
<0.01 0.12 0.80 0.14 
Casing on cooked 
weight 
0.611 -0.140 0.424 0.279 
<0.0001 <0.01 <0.0001 <0.0001 
Casing off cooked 
weight 
0.612 -0.140 0.422 0.279 
<0.0001 <0.01 <0.0001 <0.0001 
Cooked yield 
0.029 -0.041 0.067 0.062 
0.40 0.27 0.07 0.09 
Cured color
2 
    
     L* 
0.024 -0.028 0.075 0.052 
0.50 0.45 0.04 0.16 
     a* 
0.047 -0.025 0.151 0.077 
0.18 0.50 <0.0001 0.04 
     b* 
-0.056 0.082 0.009 -0.069 
0.11 0.03 0.81 0.06 
Bind Strength 
-0.031 0.035 0.007 -0.026 
0.38 0.35 0.85 0.48 
Proximate Composition 
    
     Moisture, % 
-0.056 -0.246 0.096 0.253 
0.11 <0.0001 0.01 <0.0001 
     Lipid, % 
0.090 0.361 -0.188 -0.390 
0.01 <0.0001 <0.0001 <0.0001 
     Protein, % 
-0.059 -0.076 0.017 0.076 
0.09 0.04 0.64 0.04 
     PFF
3 
-0.036 0.032 -0.039 -0.041 
0.31 0.39 0.28 0.26 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter 
color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow 
color). Instrumental color was determined on ham steaks as the average 
of 4 measurements. 
3
























0.476 0.053 0.213 0.370 0.026 0.167 0.229 0.237 0.240 
<0.0001 <0.01 <0.0001 <.0001 0.12 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 min  
-0.081 -0.085 -0.173 0.097 0.192 -0.031 -0.011 -0.096 -0.051 
0.03 0.02 <0.0001 0.01 <0.0001 0.40 0.76 0.01 0.16 
pH, 1d 
-0.051 0.011 0.141 -0.197 -0.132 -0.060 -0.048 -0.075 -0.070 
<0.01 0.51 <0.0001 <0.0001 <0.0001 <0.01 <0.01 <0.0001 <0.0001 
pH, 20 d 
0.126 0.086 0.035 0.073 0.144 0.111 0.082 0.038 0.091 
<0.01 0.02 0.32 0.04 <0.0001 <0.01 0.02 0.28 0.01 
Color, 1 d 
0.146 0.203 0.238 -0.076 -0.154 0.111 0.106 0.109 0.126 
<0.0001 <1.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Marbling, 1 
d 
0.136 0.337 0.217 -0.024 -0.001 0.213 0.149 0.122 0.191 
<0.0001 <0.0001 <0.0001 0.15 0.95 <0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.150 0.253 0.049 0.029 -0.038 0.188 0.153 0.106 0.177 
<0.0001 <0.0001 <0.01 0.08 0.02 <0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.161 0.132 0.218 0.002 -0.037 0.112 0.155 0.099 0.139 
<0.0001 <0.01 <0.0001 0.97 0.30 <0.01 <0.0001 0.01 <0.0001 
Marbling, 
20 d 
0.217 0.311 0.175 0.058 0.049 0.245 0.243 0.190 0.261 
<0.0001 <0.0001 <0.0001 0.10 0.17 <0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 
20 d 
0.092 0.083 0.039 0.074 0.047 0.144 0.132 0.042 0.125 
0.01 0.02 0.28 0.04 0.18 <0.0001 <0.01 0.24 <0.01 
1 d
3 
         
     L* 
-0.021 0.097 0.031 -0.074 0.012 0.062 -0.036 0.031 0.025 
0.23 <0.0001 0.07 <0.0001 0.50 <0.01 0.03 0.07 0.14 
     a* 
0.136 0.166 0.031 0.087 -0.012 0.174 0.196 0.150 0.200 
<0.0001 <0.0001 0.07 <0.0001 0.49 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.137 0.219 0.086 -0.003 0.030 0.224 0.117 0.159 0.197 


























         
     L* 
-0.103 -0.050 -0.123 -0.008 0.010 -0.072 -0.105 -0.014 -0.074 
<0.01 0.16 <0.01 0.82 0.78 0.04 <0.01 0.70 0.04 
     a* 
0.013 0.015 0.013 0.071 0.049 0.049 0.055 0.013 0.046 
0.72 0.68 0.73 0.04 0.17 0.17 0.12 0.72 0.20 
     b* 
0.036 0.082 -0.012 0.044 0.042 0.065 0.024 0.066 0.060 
0.31 0.02 0.73 0.22 0.23 0.07 0.49 0.06 0.09 
Purge loss, 
20 d 
-0.145 -0.224 -0.251 0.147 0.123 -0.097 -0.106 -0.171 -0.141 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.01 <0.01 <0.0001 <0.0001 
Cook loss, 
21 d 
-0.263 -0.197 -0.160 0.001 0.064 -0.191 -0.169 -0.155 -0.199 
<0.0001 <0.0001 <0.0001 0.98 0.07 <0.0001 <0.0001 <0.0001 <0.0001 
SSF
4 
-0.264 -0.348 -0.193 0.031 0.100 -0.256 -0.223 -0.269 -0.287 
<0.0001 <0.0001 <0.0001 0.38 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 
cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Loin color was 
determined as the average of 2 measurements on the ventral surface of the loin.  
4























Ham Weight, 1 d 
0.685 0.300 0.284 0.453 0.013 0.376 0.411 0.391 0.452 
<0.0001 <0.0001 <0.0001 <0.0001 0.45 <0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.668 0.284 0.282 0.461 0.041 0.367 0.377 0.362 0.423 
<0.0001 <0.0001 <0.0001 <0.0001 0.24 <0.0001 <0.0001 <0.0001 <0.0001 
Post-trim weight 
0.527 0.107 0.244 0.414 0.066 0.216 0.224 0.236 0.258 
<0.0001 <0.01 <0.0001 <0.0001 0.06 <0.0001 <0.0001 <0.0001 <0.0001 
Inside weight 
0.353 -0.021 0.184 0.315 0.045 0.093 0.113 0.136 0.129 
<0.0001 0.55 <0.0001 <0.0001 0.21 0.01 <0.01 <0.01 <0.01 
Outside weight 
0.385 0.023 0.185 0.353 0.087 0.141 0.163 0.172 0.181 
<0.0001 0.52 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Knuckle weight 
0.349 0.041 0.154 0.280 0.025 0.118 0.145 0.149 0.156 
<0.0001 0.25 <0.0001 <0.0001 0.47 <0.01 <0.0001 <0.0001 <0.0001 
Shank weight 
0.358 0.049 0.235 0.284 0.081 0.126 0.130 0.188 0.168 
<0.0001 0.16 <0.0001 <0.0001 0.02 <0.01 <0.01 <0.0001 <0.0001 
Lite butt weight 
0.050 -0.083 -0.106 0.156 0.037 -0.010 0.019 -0.021 -0.005 
0.16 0.02 <0.01 <0.0001 0.30 0.77 0.59 0.56 0.88 
Gluteus profundus
 
         
     L* 
-0.149 -0.099 -0.104 0.025 0.192 -0.101 -0.104 -0.052 -0.101 
<0.0001 <0.0001 <0.0001 0.14 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
     a* 
0.046 0.030 0.012 0.028 -0.010 0.044 0.033 0.010 0.035 
0.01 0.07 0.46 0.10 0.57 0.01 0.05 0.54 0.04 
     b* 
0.003 0.006 -0.021 0.099 0.147 0.023 0.019 0.021 0.024 
0.85 0.73 0.20 <0.0001 <0.0001 0.17 0.25 0.21 0.15 
Gluteus medius
 
         
     L* 
-0.044 -0.033 -0.128 0.113 0.221 -0.022 -0.036 -0.001 -0.023 
0.01 0.05 <0.0001 <0.0001 <0.0001 0.19 0.03 0.97 0.17 
     a* 
0.074 0.071 0.032 0.125 0.097 0.084 0.098 0.066 0.096 
<0.0001 <0.0001 0.06 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.135 0.102 0.036 0.186 0.157 0.124 0.126 0.105 0.137 


























         
     L* 
-0.069 -0.024 -0.084 -0.033 -0.057 -0.029 -0.055 0.016 -0.026 
0.05 0.50 0.02 0.35 0.11 0.41 0.12 0.66 0.46 
     a* 
0.177 0.109 0.092 0.178 0.094 0.125 0.162 0.101 0.148 
<0.0001 <0.01 0.01 <0.0001 0.01 <0.01 <0.0001 <0.01 <0.0001 
     b* 
0.078 0.050 0.010 0.142 0.055 0.071 0.060 0.078 0.080 
0.03 0.16 0.77 <0.0001 0.12 0.05 0.09 0.03 0.02 
Adductor
 
         
     L* 
-0.140 -0.044 -0.051 -0.088 -0.020 -0.064 -0.087 -0.064 -0.081 
<0.0001 0.22 0.15 0.01 0.57 0.07 0.01 0.07 0.02 
     a* 
0.010 -0.016 -0.025 0.028 0.007 0.028 0.031 0.038 0.037 
0.79 0.65 0.47 0.43 0.85 0.43 0.39 0.28 0.30 
     b* 
-0.042 -0.015 -0.017 -0.021 -0.032 0.014 0.004 -0.015 0.002 
0.24 0.67 0.63 0.55 0.36 0.70 0.92 0.68 0.96 
Semitendinosus, light  
         
     L* 
0.053 0.113 0.057 -0.085 -0.087 0.042 -0.009 0.072 0.041 
0.13 <0.01 0.11 0.02 0.01 0.24 0.80 0.04 0.25 
     a* 
0.087 0.066 0.050 0.136 0.184 0.132 0.163 0.082 0.145 
0.01 0.06 0.16 <0.01 <0.0001 <0.01 <0.0001 0.02 <0.0001 
     b* 
0.126 0.189 0.112 -0.020 -0.019 0.151 0.116 0.146 0.159 
<0.01 <0.0001 <0.01 0.58 0.60 <0.0001 <0.01 <0.0001 <0.0001 
Semitendinosus, dark
 
         
     L* 
0.011 0.056 -0.031 0.083 0.169 0.042 0.048 0.074 0.062 
0.77 0.11 0.38 0.02 <0.0001 0.23 0.18 0.04 0.08 
     a* 
0.123 0.175 0.057 0.027 -0.038 0.136 0.105 0.088 0.128 
<0.01 <0.0001 0.11 0.44 0.28 <0.01 <0.01 0.01 <0.01 
     b* 
0.130 0.196 0.010 0.157 0.116 0.170 0.164 0.110 0.171 


























         
     L* 
-0.009 0.040 0.008 -0.007 -0.034 -0.010 -0.027 0.050 0.004 
0.79 0.26 0.82 0.84 0.34 0.78 0.45 0.16 0.91 
     a* 
0.168 0.119 0.010 0.196 0.111 0.168 0.176 0.159 0.192 
<0.0001 <0.01 0.77 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.153 0.130 -0.005 0.210 0.126 0.158 0.149 0.168 0.182 
<0.0001 <0.01 0.88 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Vastus lateralis
 
         
     L* 
-0.151 -0.065 -0.106 -0.077 -0.017 -0.101 -0.115 -0.102 -0.122 
<0.0001 0.07 <0.01 0.03 0.64 <0.01 <0.01 <0.01 <0.01 
     a* 
0.119 0.097 0.076 0.122 0.105 0.122 0.121 0.066 0.120 
<0.01 0.01 0.03 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 
     b* 
0.014 0.024 0.078 0.039 0.022 0.004 0.006 0.004 0.005 
0.69 0.51 0.03 0.27 0.53 0.92 0.87 0.90 0.88 
Rectus femoris
 
         
     L* 
-0.083 -0.023 0.051 -0.101 -0.054 -0.065 -0.105 -0.009 -0.068 
0.02 0.52 0.15 <0.01 0.13 0.07 <0.01 0.80 0.05 
     a* 
0.144 0.110 -0.016 0.191 0.143 0.121 0.132 0.056 0.120 
<0.0001 <0.01 0.66 <0.0001 <0.0001 <0.01 <0.01 0.12 <0.01 
     b* 
0.105 0.007 0.178 0.091 0.045 0.005 0.007 0.040 0.019 

























         
     Semimembranosus 
0.046 0.030 0.056 0.033 0.070 0.001 -0.014 -0.006 -0.007 
0.19 0.40 0.11 0.35 0.05 0.97 0.69 0.86 0.85 
     Adductor 
0.083 0.050 0.085 0.025 0.049 0.031 0.000 0.026 0.023 
0.02 0.16 0.02 0.47 0.17 0.38 1.00 0.47 0.52 
     Semitendinosus, 
light  
0.009 -0.005 0.062 -0.035 0.002 -0.012 -0.021 -0.050 -0.030 
0.80 0.89 0.08 0.32 0.96 0.74 0.56 0.16 0.40 
     Semitendinosus, 
dark 
0.029 0.001 0.105 -0.068 -0.039 -0.011 -0.025 -0.040 -0.028 
0.41 0.98 <0.01 0.06 0.27 0.76 0.48 0.25 0.43 
     Biceps femoris 
0.025 0.018 0.056 -0.016 0.048 -0.012 -0.020 -0.029 -0.023 
0.47 0.62 0.11 0.64 0.18 0.73 0.57 0.41 0.52 
     Vastus lateralis 
0.014 0.013 0.051 -0.027 0.008 -0.033 -0.024 -0.041 -0.038 
0.70 0.72 0.15 0.45 0.82 0.35 0.49 0.25 0.29 
     Rectus femoris 
0.006 -0.012 0.046 -0.042 -0.005 -0.041 -0.033 -0.033 -0.041 
0.88 0.73 0.19 0.24 0.88 0.25 0.35 0.35 0.25 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2 
L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh muscle was determined on 
one measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 
3
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop scores were 
anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 was 5.1 to 10 cm, a 






















Initial (green) weight 
0.404 0.017 0.205 0.324 0.046 0.132 0.155 0.180 0.177 
<0.0001 0.64 <0.0001 <0.0001 0.19 <0.01 <0.0001 <0.0001 <0.0001 
Pumped weight 
0.370 0.001 0.197 0.283 0.014 0.112 0.138 0.172 0.159 
<0.0001 0.98 <0.0001 <0.0001 0.70 <0.01 <0.0001 <0.0001 <0.0001 
Pump percent 
-0.089 -0.050 -0.009 -0.134 -0.121 -0.053 -0.037 -0.011 -0.040 
0.01 0.16 0.80 <0.01 <0.01 0.13 0.30 0.75 0.25 
30 minute drained 
weight 
0.378 0.005 0.204 0.288 0.013 0.116 0.143 0.175 0.164 
<0.0001 0.89 <0.0001 <0.0001 0.71 <0.01 <0.0001 <0.0001 <0.0001 
Pump retention 
-0.075 -0.045 0.017 -0.143 -0.147 -0.049 -0.026 -0.006 -0.033 
0.04 0.20 0.64 <0.0001 <0.0001 0.17 0.47 0.87 0.36 
Stuffed weight 
0.378 0.006 0.201 0.294 0.010 0.109 0.144 0.181 0.163 
<0.0001 0.87 <0.0001 <0.0001 0.77 <0.01 <0.0001 <0.0001 <0.0001 
Stuffed yield 
-0.093 -0.043 -0.022 -0.097 -0.097 -0.054 -0.039 0.002 -0.036 
0.01 0.24 0.54 0.01 0.01 0.13 0.28 0.96 0.31 
Casing on cooked 
weight 
0.379 0.006 0.204 0.284 -0.006 0.107 0.147 0.174 0.161 
<0.0001 0.87 <0.0001 <0.0001 0.87 <0.01 <0.0001 <0.0001 <0.0001 
Casing off cooked 
weight 
0.380 0.009 0.204 0.283 -0.010 0.110 0.149 0.178 0.165 
<0.0001 0.80 <0.0001 <0.0001 0.79 <0.01 <0.0001 <0.0001 <0.0001 
Cooked yield 
0.009 -0.024 0.041 -0.062 -0.134 0.000 0.023 0.037 0.021 
0.79 0.50 0.25 0.09 <0.01 0.99 0.52 0.30 0.55 
Cured color
3 
         
     L* 
0.017 -0.047 -0.094 0.238 0.289 -0.004 -0.015 -0.055 -0.027 
0.64 0.19 0.01 <.0001 <.0001 0.91 0.67 0.13 0.45 
     a* 
0.083 0.066 0.026 0.101 0.037 0.102 0.124 0.126 0.134 
0.02 0.07 0.46 <0.01 0.31 <0.01 <0.01 <0.01 <0.01 
     b* 
0.079 0.103 -0.016 0.126 0.112 0.089 0.072 0.094 0.098 
0.03 <0.01 0.65 <0.01 <0.01 0.01 0.04 0.01 0.01 
Bind strength 
-0.010 0.011 -0.056 -0.048 0.040 0.049 0.081 0.052 0.068 

























         
     Moisture, % 
-0.153 -0.259 -0.055 -0.102 -0.091 -0.236 -0.198 -0.184 -0.239 
<0.0001 <0.0001 0.12 <0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Lipid, % 
0.241 0.339 0.157 0.155 0.115 0.284 0.269 0.254 0.310 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Protein, % 
-0.149 -0.110 -0.122 -0.144 -0.097 -0.106 -0.155 -0.124 -0.145 
<0.0001 <0.01 <0.01 <0.0001 0.01 <0.01 <0.0001 <0.01 <0.0001 
     PFF
4 
-0.083 -0.011 -0.081 -0.105 -0.067 -0.024 -0.080 -0.052 -0.058 
0.02 0.77 0.02 <0.01 0.06 0.51 0.02 0.15 0.11 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop scores were 
anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 was 5.1 to 10 cm, a 
score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color was determined on ham steaks as 
the average of 4 measurements. 
4







Table C.8. Whole population Pearson correlation coefficients of loin weight, pH, water holding 














Ham Weight, 1 d 
0.706 -0.037 -0.115 0.061 0.017 -0.187 -0.126 
<0.0001 0.31 <0.0001 0.08 0.63 <0.0001 <0.01 
Pre-trim weight 
0.686 -0.030 -0.115 0.062 -0.011 -0.194 -0.133 
<0.0001 0.40 <0.01 0.08 0.75 <0.0001 <0.01 
Post-trim weight 
0.742 -0.001 -0.106 0.071 0.067 -0.157 -0.061 
<0.0001 0.98 <0.01 0.05 0.06 <0.0001 0.09 
Inside weight 
0.688 0.034 -0.091 0.016 0.182 -0.083 0.026 
<0.0001 0.35 0.01 0.66 <0.0001 0.02 0.47 
Outside weight 
0.602 0.053 -0.100 -0.017 0.204 -0.026 0.082 
<0.0001 0.14 <0.01 0.62 <0.0001 0.46 0.02 
Knuckle weight 
0.576 0.005 -0.062 -0.016 0.103 -0.077 -0.011 
<0.0001 0.90 0.08 0.65 <0.01 0.03 0.74 
Shank weight 
0.469 0.046 -0.052 -0.009 0.046 -0.044 -0.044 
<0.0001 0.20 0.14 0.81 0.19 0.21 0.21 
Lite butt weight 
0.191 0.086 -0.062 -0.078 0.139 0.079 0.145 
<0.0001 0.02 0.08 0.03 <0.0001 0.03 <0.0001 
Gluteus profundus
 
       
     L* 
-0.149 0.038 -0.139 -0.130 0.118 0.200 0.091 
<0.0001 0.30 <0.0001 <0.01 <0.01 <0.0001 0.01 
     a* 
0.041 -0.050 -0.032 -0.012 -0.055 -0.067 -0.071 
0.01 0.17 0.05 0.73 0.12 0.06 0.05 
     b* 
-0.021 0.205 -0.143 -0.077 0.157 0.187 0.183 
0.19 <0.0001 <0.0001 0.03 <0.0001 <0.0001 <0.0001 
Gluteus medius
 
       
     L* 
-0.059 -0.030 -0.336 -0.222 0.135 0.231 0.055 
<0.01 0.41 <0.0001 <0.0001 <0.01 <0.0001 0.12 
     a* 
0.038 0.041 -0.084 -0.023 0.048 0.025 0.037 
0.02 0.27 <0.0001 0.52 0.18 0.48 0.30 
     b* 
0.074 0.106 -0.251 -0.080 0.151 0.191 0.136 
<0.0001 <0.01 <0.0001 0.02 <0.0001 <0.0001 <0.01 
Semimembranosus
 
       
     L* 
-0.052 -0.047 -0.277 -0.234 0.154 0.232 0.052 
0.14 0.20 <0.0001 <0.0001 <0.0001 <0.0001 0.14 
     a* 
0.178 -0.030 -0.152 -0.073 0.110 0.081 0.044 
<0.0001 0.42 <0.0001 0.04 <0.01 0.02 0.21 
     b* 
0.120 0.001 -0.265 -0.194 0.206 0.170 0.047 
<0.01 0.97 <0.0001 <0.0001 <0.0001 <0.0001 0.19 
Adductor
 
       
     L* 
-0.200 -0.035 -0.204 -0.264 0.138 0.279 0.064 
<0.0001 0.33 <0.0001 <0.0001 <0.01 <0.0001 0.07 
     a* 
0.050 0.058 -0.070 -0.068 0.111 0.090 0.069 
0.16 0.11 0.05 0.06 <0.01 0.01 0.05 
     b* 
-0.089 0.078 -0.166 -0.226 0.168 0.254 0.137 





Table C.8. Continued. Whole population Pearson correlation coefficients of loin weight, pH, water 

















       
     L* 
-0.124 -0.203 0.016 0.044 -0.196 -0.129 -0.229 
<0.01 <0.0001 0.65 0.21 <0.0001 <0.01 <0.0001 
     a* 
0.019 0.119 -0.061 -0.031 0.090 0.125 0.106 
0.59 <0.01 0.08 0.38 0.01 <0.01 <0.01 
     b* 
-0.098 -0.112 0.024 0.045 -0.204 -0.103 -0.201 
0.01 <0.01 0.50 0.20 <0.0001 <0.01 <0.0001 
Semitendinosus, dark
 
       
     L* 
-0.134 0.099 -0.124 -0.112 0.088 0.166 0.105 
<0.01 0.01 <0.01 <0.01 0.01 <0.0001 <0.01 
     a* 
0.051 -0.150 -0.002 0.063 -0.100 -0.125 -0.210 
0.15 <0.0001 0.95 0.08 0.01 <0.01 <0.0001 
     b* 
-0.032 0.034 -0.126 -0.058 0.070 0.076 0.004 
0.37 0.35 <0.01 0.10 0.05 0.03 0.91 
Biceps femoris
 
       
     L* 
-0.037 -0.072 -0.254 -0.258 0.101 0.266 0.006 
0.30 0.05 <0.0001 <0.0001 <0.01 <0.0001 0.87 
     a* 
0.091 0.004 -0.188 -0.134 0.203 0.147 0.106 
0.01 0.91 <0.0001 <0.01 <0.0001 <0.0001 <0.01 
     b* 
0.122 -0.006 -0.336 -0.266 0.297 0.300 0.133 
<0.01 0.86 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
Vastus lateralis
 
       
     L* 
-0.147 0.011 -0.135 -0.218 0.043 0.197 0.040 
<0.0001 0.76 <0.01 <0.0001 0.23 <0.0001 0.26 
     a* 
0.053 0.061 -0.101 -0.021 0.110 0.077 0.054 
0.13 0.09 <0.01 0.55 <0.01 0.03 0.13 
     b* 
0.036 0.070 -0.105 -0.154 0.069 0.153 0.081 
0.30 0.05 <0.01 <0.0001 0.05 <0.0001 0.02 
Rectus femoris
 
       
     L* 
-0.169 -0.079 -0.150 -0.234 0.067 0.206 0.000 
<0.0001 0.03 <0.0001 <0.0001 0.06 <0.0001 0.99 
     a* 
0.140 0.041 -0.144 0.025 0.096 0.051 0.018 
<0.0001 0.25 <0.0001 0.48 0.01 0.15 0.61 
     b* 
0.135 0.014 -0.173 -0.132 0.138 0.131 0.043 






Table C.8. Continued. Whole population Pearson correlation coefficients of loin weight, pH, water 

















       
     Semimembranosus 
-0.038 -0.002 0.333 0.390 -0.297 -0.360 -0.222 
0.28 0.95 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Adductor 
0.003 -0.047 0.362 0.427 -0.357 -0.428 -0.275 
0.94 0.19 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.033 -0.051 0.367 0.362 -0.286 -0.365 -0.199 
0.35 0.16 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.018 -0.120 0.379 0.360 -0.338 -0.402 -0.260 
0.60 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.059 -0.025 0.361 0.421 -0.320 -0.400 -0.212 
0.10 0.50 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.026 -0.047 0.335 0.391 -0.307 -0.380 -0.184 
0.46 0.20 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Rectus femoris 
0.011 -0.036 0.281 0.352 -0.256 -0.343 -0.136 
0.75 0.32 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color on fresh muscle was determined on one measure per muscle. 
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus 
lateralis (proximal edge), and rectus femoris (proximal face). 
3








Table C.9. Whole population Pearson correlation coefficients of subjective loin color, marbling, 















Ham Weight, 1 d 
-0.006 -0.120 0.152 0.062 -0.005 0.049 
0.62 <0.0001 <0.0001 0.08 0.89 0.16 
Pre-trim weight 
-0.014 -0.108 0.119 0.062 0.004 0.050 
0.70 <0.01 <0.01 0.08 0.92 0.16 
Post-trim weight 
-0.079 -0.217 0.071 0.024 -0.093 0.035 
0.02 <0.0001 0.04 0.49 0.01 0.32 
Inside weight 
-0.127 -0.317 0.055 0.018 -0.228 0.008 
<0.01 <0.0001 0.12 0.61 <0.0001 0.82 
Outside weight 
-0.072 -0.234 0.057 0.057 -0.172 0.031 
0.04 <0.0001 0.10 0.10 <0.0001 0.38 
Knuckle weight 
-0.066 -0.199 0.099 0.060 -0.147 -0.009 
0.06 <0.0001 <0.01 0.09 <0.0001 0.81 
Shank weight 
-0.027 -0.083 0.057 -0.001 -0.045 0.022 
0.45 0.02 0.10 0.98 0.20 0.53 
Lite butt weight 
-0.084 -0.130 -0.003 -0.043 -0.127 -0.047 
0.02 <0.01 0.94 0.23 <0.01 0.18 
Gluteus profundus 
      
     L* 
-0.137 0.059 -0.072 -0.145 0.056 0.007 
<0.0001 <0.0001 <0.0001 <0.0001 0.11 0.85 
     a* 
0.054 0.021 0.028 0.075 0.077 0.000 
<0.0001 0.07 0.02 0.03 0.03 0.99 
     b* 
-0.040 0.056 -0.030 -0.101 0.016 -0.001 
<0.01 <0.0001 0.01 <0.01 0.65 0.98 
Gluteus medius 
      
     L* 
-0.287 -0.004 -0.119 -0.268 0.050 0.030 
<0.0001 0.75 <0.0001 <0.0001 0.16 0.41 
     a* 
0.104 0.072 0.052 0.101 0.050 0.092 
<0.0001 <0.0001 <0.0001 <0.01 0.16 0.01 
     b* 
-0.065 0.036 -0.023 -0.150 0.007 0.052 
<0.0001 <0.01 0.06 <0.0001 0.85 0.15 
Semimembranosus 
      
     L* 
-0.214 -0.020 -0.082 -0.344 0.000 -0.052 
<0.0001 0.57 0.02 <0.0001 0.99 0.15 
     a* 
0.039 -0.057 0.012 0.005 -0.038 0.015 
0.26 0.11 0.74 0.89 0.29 0.68 
     b* 
-0.090 -0.027 -0.008 -0.174 -0.045 -0.035 
0.01 0.44 0.82 <0.0001 0.20 0.32 
Adductor 
      
     L* 
-0.096 0.084 -0.065 -0.252 0.034 0.012 
0.01 0.02 0.07 <0.0001 0.34 0.73 
     a* 
0.076 -0.041 -0.034 0.022 -0.012 0.019 
0.03 0.24 0.34 0.54 0.73 0.59 
     b* 
-0.002 0.054 -0.073 -0.143 0.014 0.017 






Table C.9. Continued. Whole population Pearson correlation coefficients of subjective loin 
















Semitendinosus, light  
      
     L* 
-0.007 0.135 0.001 -0.030 0.200 0.040 
0.85 <0.01 0.98 0.39 <0.0001 0.25 
     a* 
0.110 0.094 0.048 0.026 0.005 0.066 
<0.01 0.01 0.17 0.46 0.89 0.06 
     b* 
0.088 0.216 0.079 0.028 0.242 0.091 
0.01 <0.0001 0.02 0.43 <0.0001 0.01 
Semitendinosus, dark 
      
     L* 
-0.091 0.112 -0.027 -0.159 0.072 -0.016 
0.01 <0.01 0.44 <0.0001 0.04 0.64 
     a* 
0.101 0.086 0.080 0.005 0.129 0.008 
<0.01 0.01 0.02 0.88 <0.01 0.83 
     b* 
0.005 0.120 0.059 -0.107 0.102 -0.018 
0.88 <0.01 0.09 <0.01 <0.01 0.61 
Biceps femoris 
      
     L* 
-0.188 -0.025 -0.046 -0.322 0.015 -0.002 
<0.0001 0.47 0.19 <0.0001 0.67 0.96 
     a* 
-0.006 -0.027 -0.012 -0.041 -0.035 0.055 
0.86 0.43 0.72 0.24 0.33 0.12 
     b* 
-0.157 -0.067 0.000 -0.240 -0.046 0.059 
<0.0001 0.06 0.99 <0.0001 0.19 0.10 
Vastus lateralis 
      
     L* 
-0.145 0.056 -0.039 -0.261 0.026 0.026 
<0.0001 0.11 0.27 <0.0001 0.47 0.47 
     a* 
0.092 0.018 -0.009 0.047 0.000 0.046 
0.01 0.61 0.80 0.18 0.99 0.20 
     b* 
-0.037 -0.026 -0.011 -0.063 -0.078 0.062 
0.29 0.45 0.76 0.08 0.03 0.08 
Rectus femoris 
      
     L* 
-0.132 0.066 -0.080 -0.210 0.068 -0.028 
<0.01 0.06 0.02 <0.0001 0.05 0.42 
     a* 
0.048 -0.032 0.034 0.022 -0.032 0.077 
0.17 0.36 0.34 0.54 0.37 0.03 
     b* 
-0.061 -0.096 -0.075 -0.059 -0.075 0.012 






Table C.9. Continued. Whole population Pearson correlation coefficients of subjective loin 

















      
     Semimembranosus 
0.129 0.124 0.083 0.249 0.160 0.042 
<0.01 <0.01 0.02 <0.0001 <0.0001 0.23 
     Adductor 
0.129 0.128 0.093 0.265 0.163 0.034 
<0.01 <0.01 0.01 <0.0001 <0.0001 0.34 
     Semitendinosus, 
light  
0.162 0.122 0.085 0.287 0.123 0.052 
<0.0001 <0.01 0.01 <0.0001 <0.01 0.14 
     Semitendinosus, 
dark 
0.175 0.115 0.095 0.302 0.125 0.054 
<0.0001 <0.01 0.01 <0.0001 <0.01 0.13 
     Biceps femoris 
0.136 0.129 0.107 0.292 0.148 0.026 
<0.0001 <0.01 0.00 <0.0001 <0.0001 0.47 
     Vastus lateralis 
0.130 0.092 0.091 0.255 0.124 0.016 
<0.01 0.01 0.01 <0.0001 <0.01 0.65 
     Rectus femoris 
0.071 0.027 0.065 0.225 0.075 0.011 
0.04 0.44 0.06 <0.0001 0.03 0.75 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh muscle was determined on one 
measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus 
(blonde spot, medial side), adductor (proximal face), semitendinosus dark portion (proximal edge 
where the head of the femur was removed, semitendinosus light (medial edge of the distal end), 














Variable      L*      a*      b*      L*      a*      b* 
Ham Weight, 1 d 
-0.125 0.037 -0.003 -0.121 -0.057 -0.062 
<0.0001 0.02 0.85 <0.01 0.10 0.08 
Pre-trim weight 
-0.091 -0.010 0.017 -0.131 -0.044 -0.055 
0.01 0.79 0.64 <0.01 0.22 0.12 
Post-trim weight 
-0.124 -0.063 -0.035 -0.137 -0.071 -0.082 
<0.01 0.07 0.33 <0.01 0.04 0.02 
Inside weight 
-0.178 -0.084 -0.130 -0.137 -0.117 -0.178 
<0.0001 0.02 <0.01 <0.0001 <0.01 <0.0001 
Outside weight 
-0.220 -0.022 -0.176 -0.171 -0.025 -0.143 
<0.0001 0.53 <0.0001 <0.0001 0.48 <0.0001 
Knuckle weight 
-0.144 -0.044 -0.097 -0.141 -0.072 -0.147 
<0.0001 0.22 0.01 <0.0001 0.04 <0.0001 
Shank weight 
-0.070 -0.009 -0.032 -0.031 -0.010 -0.015 
0.05 0.80 0.36 0.37 0.79 0.68 
Lite butt weight 
-0.090 -0.015 -0.082 -0.060 -0.014 -0.096 
0.01 0.67 0.02 0.09 0.70 0.01 
Gluteus profundus 
      
     L* 
0.154 -0.043 0.073 0.204 0.020 0.125 
<0.0001 0.01 <0.0001 <0.0001 0.58 <0.01 
     a* 
0.000 0.111 0.079 -0.017 0.022 0.042 
0.98 <0.0001 <0.0001 0.62 0.54 0.23 
     b* 
0.055 0.113 0.089 0.044 0.189 0.108 
<0.01 <0.0001 <0.0001 0.21 <0.0001 <0.01 
Gluteus medius 
      
     L* 
0.329 -0.060 0.220 0.386 0.005 0.247 
<0.0001 <0.01 <0.0001 <0.0001 0.88 <0.0001 
     a* 
-0.194 0.272 -0.044 -0.140 0.261 0.077 
<0.0001 <0.0001 0.01 <0.0001 <0.0001 0.03 
     b* 
0.041 0.178 0.119 0.065 0.290 0.203 
0.01 <0.0001 <0.0001 0.07 <0.0001 <0.0001 
Semimembranosus 
      
     L* 
0.312 -0.058 0.247 0.407 0.025 0.275 
<0.0001 0.10 <0.0001 <0.0001 0.47 <0.0001 
     a* 
-0.148 0.313 0.016 -0.105 0.332 0.155 
<0.0001 <0.0001 0.64 <0.01 <0.0001 <0.0001 
     b* 
0.076 0.156 0.154 0.160 0.193 0.262 
0.03 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Adductor 
      
     L* 
0.292 -0.056 0.214 0.384 0.017 0.251 
<0.0001 0.11 <0.0001 <0.0001 0.63 <0.0001 
     a* 
-0.142 0.267 0.008 -0.071 0.252 0.115 
<0.0001 <0.0001 0.83 0.04 <0.0001 <0.01 
     b* 
0.047 0.135 0.108 0.171 0.172 0.213 






Table C.10. Continued. Whole population Pearson correlation coefficients instrumental loin 
color with fresh ham characteristics
1,2
 
 1 d 20 d 
Variable      L*      a*      b*      L*      a*      b* 
Semitendinosus, light  
      
     L* 
0.313 -0.122 0.315 0.196 -0.124 0.152 
<0.0001 <0.01 <0.0001 <0.0001 <0.01 <0.0001 
     a* 
-0.174 0.302 -0.056 -0.093 0.264 0.074 
<0.0001 <0.0001 0.11 0.01 <0.0001 0.04 
     b* 
0.194 0.069 0.310 0.116 -0.003 0.168 
<0.0001 0.05 <0.0001 <0.01 0.93 <0.0001 
Semitendinosus, dark 
      
     L* 
0.178 -0.041 0.117 0.223 0.014 0.123 
<0.0001 0.25 <0.01 <0.0001 0.69 <0.01 
     a* 
0.033 0.112 0.143 0.028 0.089 0.164 
0.35 <0.01 <0.0001 0.43 0.01 <0.0001 
     b* 
0.077 0.109 0.135 0.124 0.122 0.179 
0.03 <0.01 <0.01 <0.01 <0.01 <0.0001 
Biceps femoris 
      
     L* 
0.370 -0.041 0.268 0.424 0.000 0.255 
<0.0001 0.25 <0.0001 <0.0001 0.99 <0.0001 
     a* 
-0.144 0.258 -0.028 -0.060 0.347 0.173 
<0.0001 <0.0001 0.43 0.09 <0.0001 <0.0001 
     b* 
0.100 0.169 0.123 0.198 0.249 0.259 
<0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
Vastus lateralis 
      
     L* 
0.302 -0.137 0.191 0.349 -0.109 0.148 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
     a* 
-0.151 0.237 -0.047 -0.083 0.305 0.131 
<0.0001 <0.0001 0.18 0.02 <0.0001 <0.01 
     b* 
0.001 0.057 0.031 0.081 0.149 0.154 
0.98 0.10 0.39 0.02 <0.0001 <0.0001 
Rectus femoris 
      
     L* 
0.385 -0.194 0.185 0.332 -0.089 0.142 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 
     a* 
-0.175 0.281 0.018 -0.086 0.283 0.133 
<0.0001 <0.0001 0.61 0.01 <0.0001 <0.01 
     b* 
0.053 0.005 0.038 0.071 0.118 0.114 






Table C.10. Continued. Whole population Pearson correlation coefficients instrumental loin 
color with fresh ham characteristics
1,2
 
 1 d 20 d 
Variable      L*      a*      b*      L*      a*      b* 
pH 
      
     Semimembranosus 
-0.049 -0.075 -0.020 -0.224 -0.203 -0.188 
0.16 0.03 0.57 <0.0001 <0.0001 <0.0001 
     Adductor 
-0.052 -0.098 -0.006 -0.233 -0.248 -0.202 
0.14 0.01 0.86 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.113 -0.081 -0.090 -0.267 -0.200 -0.213 
<0.01 0.02 0.01 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.081 -0.099 -0.041 -0.254 -0.225 -0.198 
0.02 <0.01 0.25 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.078 -0.076 -0.042 -0.265 -0.228 -0.225 
0.03 0.03 0.24 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.089 -0.060 -0.047 -0.253 -0.202 -0.196 
0.01 0.09 0.19 <0.0001 <0.0001 <0.0001 
     Rectus femoris 
-0.081 -0.051 -0.025 -0.261 -0.201 -0.218 
0.02 0.15 0.48 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero 
provided below. 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color on the loin was determined as the average of 2 
measurements on the ventral surface of the loin. Instrumental color and ultimate pH for ham 
muscles was measured on: the semimembranosus (blonde spot, medial side), adductor 
(proximal face), semitendinosus dark portion (proximal edge where the head of the femur 
was removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial 
side), vastus lateralis (proximal edge), and rectus femoris (proximal face). Instrumental color 







 Table C.11. Whole population Pearson correlation coefficients of loin weight, pH, water holding 














Initial (green) weight 
0.691 0.020 -0.058 0.036 0.127 -0.117 -0.008 
<0.0001 0.57 0.10 0.31 <0.01 <0.01 0.83 
Pumped weight 
0.660 0.028 -0.042 0.006 0.103 -0.116 0.002 
<0.0001 0.44 0.23 0.86 <0.01 <0.01 0.95 
Pump percent 
-0.047 0.028 0.056 -0.111 -0.076 -0.010 0.033 
0.19 0.43 0.11 <0.01 0.03 0.77 0.35 
30 minute drained 
weight 
0.670 0.025 -0.038 0.013 0.099 -0.126 -0.008 
<0.0001 0.49 0.28 0.72 0.01 <0.01 0.82 
Pump retention 
-0.028 0.020 0.087 -0.105 -0.109 -0.053 -0.006 
0.43 0.59 0.01 <0.01 <0.01 0.13 0.86 
Stuffed weight 
0.669 0.044 -0.044 -0.007 0.120 -0.102 0.016 
<0.0001 0.23 0.21 0.83 <0.01 <0.01 0.65 
Stuffed yield 
-0.080 0.035 0.048 -0.137 -0.044 0.034 0.044 
0.02 0.34 0.18 <0.01 0.22 0.35 0.22 
Casing on cooked 
weight 
0.647 0.041 -0.002 0.015 0.087 -0.146 -0.004 
<0.0001 0.26 0.95 0.67 0.02 <0.0001 0.92 
Casing off cooked 
weight 
0.648 0.042 -0.002 0.016 0.088 -0.145 -0.005 
<0.0001 0.25 0.95 0.64 0.01 <0.0001 0.89 
Cooked yield 
0.015 0.052 0.156 -0.046 -0.113 -0.109 -0.010 
0.68 0.15 <0.0001 0.20 <0.01 <0.01 0.77 
Cured color
3 
       
L* 
0.040 0.207 -0.220 -0.070 0.179 0.196 0.163 
0.26 <0.0001 <0.0001 0.05 <0.0001 <0.0001 <0.0001 
a* 
0.036 0.058 -0.019 -0.057 0.031 0.035 0.030 
0.31 0.11 0.59 0.11 0.38 0.33 0.40 
b* 
0.013 -0.040 -0.250 -0.168 0.071 0.154 -0.056 
0.71 0.28 <0.0001 <0.0001 0.05 <0.0001 0.12 
Bind strength 
-0.032 -0.003 -0.032 0.004 -0.037 -0.011 -0.003 






Table C.11. Continued. Whole population Pearson correlation coefficients of loin weight, pH, water 

















       
     Moisture, % 
0.142 0.020 0.153 0.169 -0.039 -0.136 0.022 
<0.0001 0.59 <0.0001 <0.0001 0.28 <0.01 0.53 
     Lipid, % 
-0.211 -0.024 -0.040 -0.105 -0.109 0.028 -0.131 
<0.0001 0.51 0.26 <0.01 <0.01 0.44 <0.01 
     Protein, % 
0.059 -0.104 -0.072 -0.007 0.088 0.050 0.025 
0.10 <0.01 0.04 0.85 0.01 0.16 0.49 
     PFF
4 
-0.003 -0.115 -0.088 -0.039 0.060 0.062 -0.013 
0.92 <0.01 0.01 0.27 0.10 0.08 0.72 
1 




 SSF = slice shear force. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color was determined on ham steaks as the average of 4 measurements. 
4






 Table C.12. Whole population Pearson correlation coefficients of subjective loin color, 
















-0.092 -0.290 0.059 0.074 -0.186 0.017 
0.01 <0.0001 0.09 0.04 <0.0001 0.63 
Pumped weight 
-0.073 -0.282 0.045 0.088 -0.204 0.011 
0.04 <0.0001 0.20 0.01 <0.0001 0.76 
Pump percent 
0.049 0.006 -0.036 0.061 -0.083 -0.026 
0.16 0.87 0.30 0.08 0.02 0.47 
30 minute drained 
weight 
-0.073 -0.286 0.047 0.090 -0.202 0.009 
0.04 <0.0001 0.18 0.01 <0.0001 0.80 
Pump retention 
0.062 -0.007 -0.041 0.076 -0.088 -0.039 
0.08 0.85 0.24 0.03 0.01 0.27 
Stuffed weight 
-0.070 -0.264 0.067 0.072 -0.188 0.006 
0.05 <0.0001 0.06 0.04 <0.0001 0.88 
Stuffed yield 
0.091 0.101 0.026 0.025 -0.001 -0.045 
0.01 <0.01 0.47 0.48 0.98 0.21 
Casing on cooked 
weight 
-0.051 -0.242 0.062 0.098 -0.167 0.002 
0.15 <0.0001 0.08 0.01 <0.0001 0.95 
Casing off cooked 
weight 
-0.049 -0.241 0.065 0.097 -0.167 0.002 
0.16 <0.0001 0.06 0.01 <0.0001 0.96 
Cooked yield 
0.138 0.091 0.032 0.109 0.012 -0.046 
<0.0001 0.01 0.36 <0.01 0.74 0.20 
Cured color
2 
      
     L* 
-0.222 -0.005 -0.019 -0.262 -0.009 -0.052 
<0.0001 0.90 0.60 <0.0001 0.80 0.14 
     a* 
0.141 -0.032 0.003 0.134 -0.065 0.080 
<0.0001 0.36 0.93 <0.01 0.07 0.02 
     b* 
-0.015 -0.031 -0.009 -0.173 0.015 0.038 
0.67 0.38 0.81 <0.0001 0.67 0.29 
Bind strength 
0.006 0.033 -0.050 -0.079 0.032 -0.057 
0.86 0.36 0.16 0.03 0.37 0.12 
Proximate Composition 
     
     Moisture, % 
-0.030 -0.282 -0.107 0.054 -0.258 -0.077 
0.39 <0.0001 <0.01 0.13 <0.0001 0.03 
     Lipid, % 
0.175 0.466 0.156 0.016 0.406 0.091 
<0.0001 <0.0001 <0.0001 0.65 <0.0001 0.01 
     Protein, % 
-0.136 -0.223 -0.032 -0.076 -0.150 -0.031 
<0.01 <0.0001 0.37 0.03 <0.0001 0.38 
     PFF
3 
-0.090 -0.091 0.014 -0.075 -0.034 -0.005 
0.01 0.01 0.68 0.03 0.34 0.89 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the average 
of 4 measurements. 
3






 Table C.13. Whole population Pearson correlation coefficients of instrumental loin color 




1 d 20d 
Variable      L*      a*      b*      L*      a*      b* 
Green weight 
-0.187 -0.085 -0.137 -0.173 -0.123 -0.193 
<0.0001 0.02 <0.01 <0.0001 <0.01 <0.0001 
Pumped weight 
-0.185 -0.093 -0.136 -0.180 -0.160 -0.221 
<0.0001 0.01 <0.01 <0.0001 <0.0001 <0.0001 
Pump percent 
0.000 -0.035 -0.003 -0.030 -0.167 -0.127 
1.00 0.32 0.93 0.40 <0.0001 <0.01 
30 minute drained 
weight 
-0.187 -0.095 -0.137 -0.184 -0.159 -0.221 
<0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Pump retention 
-0.006 -0.051 -0.004 -0.047 -0.189 -0.148 
0.87 0.15 0.92 0.18 <0.0001 <0.0001 
Stuffed weight 
-0.197 -0.073 -0.139 -0.173 -0.124 -0.189 
<0.0001 0.04 <0.0001 <0.0001 <0.01 <0.0001 
Stuffed yield 
-0.043 0.079 -0.004 -0.034 -0.018 -0.038 
0.23 0.03 0.91 0.34 0.62 0.29 
Casing on cooked 
weight 
-0.212 -0.065 -0.152 -0.195 -0.136 -0.214 
<0.0001 0.07 <0.0001 <0.0001 <0.01 <0.0001 
Casing off cooked 
weight 
-0.213 -0.065 -0.154 -0.195 -0.136 -0.214 
<0.0001 0.07 <0.0001 <0.0001 <0.01 <0.0001 
Cooked yield 
-0.135 0.059 -0.098 -0.132 -0.075 -0.148 
<0.01 0.10 0.01 <0.01 0.04 <0.0001 
Cured color 
      
     L* 
0.111 -0.088 -0.010 0.247 0.001 0.096 
<0.01 0.01 0.78 <0.0001 0.98 0.01 
     a* 
-0.279 0.331 -0.127 -0.264 0.344 0.015 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 0.67 
     b* 
0.088 0.155 0.176 0.160 0.273 0.326 
0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Bind strength 
0.032 0.002 0.055 0.092 0.020 0.089 






Table C.13. Continued. Whole population Pearson correlation coefficients of instrumental 
loin color with processed ham characteristics
1,2
 
 1 d 20d 
Variable      L*      a*      b*      L*      a*      b* 
Proximate Composition      
     Moisture, % 
-0.160 -0.117 -0.212 -0.185 -0.160 -0.257 
<0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Lipid, % 
0.169 0.146 0.217 0.155 0.123 0.219 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
     Protein, % 
0.071 -0.095 0.081 0.044 -0.012 0.076 
0.05 0.01 0.02 0.22 0.74 0.03 
     PFF
3 
0.126 -0.056 0.149 0.093 0.025 0.146 
<0.01 0.12 <0.0001 0.01 0.49 <0.0001 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* 
value indicates a more yellow color). Instrumental color was determined on ham steaks as 
the average of 4 measurements. Instrumental color of the loin was determined as the 
average of 2 measurements the ventral surface of the loin. 
3




































Weight, 1 d 
0.777 0.736 -0.081 0.747 -0.066 0.752 -0.114 0.736 0.737 0.031 
<0.0001 <0.0001 0.02 <0.0001 0.06 <0.0001 <0.01 <0.0001 <0.0001 0.37 
Pre-trim weight 
0.762 0.721 -0.082 0.732 -0.065 0.736 -0.117 0.725 0.725 0.032 
<0.0001 <0.0001 0.02 <0.0001 0.06 <0.0001 <0.01 <0.0001 <0.0001 0.36 
Post-trim weight 
0.829 0.790 -0.069 0.801 -0.053 0.805 -0.106 0.786 0.786 0.032 
<0.0001 <0.0001 0.04 <0.0001 0.13 <0.0001 <0.01 <0.0001 <0.0001 0.36 
Inside weight 
0.910 0.887 0.009 0.895 0.025 0.893 -0.051 0.873 0.875 0.128 
<0.0001 <0.0001 0.80 <0.0001 0.47 <0.0001 0.14 <0.0001 <0.0001 <0.01 
Outside weight 
0.924 0.885 -0.056 0.893 -0.051 0.894 -0.126 0.877 0.879 0.052 
<0.0001 <0.0001 0.11 <0.0001 0.14 <0.0001 <0.01 <0.0001 <0.0001 0.13 
Knuckle weight 
0.794 0.757 -0.056 0.767 -0.042 0.770 -0.104 0.761 0.760 0.060 
<0.0001 <0.0001 0.10 <0.0001 0.23 <0.0001 <0.01 <0.0001 <0.0001 0.09 
Shank weight 
0.516 0.490 -0.047 0.499 -0.031 0.511 -0.031 0.503 0.502 0.065 
<0.0001 <0.0001 0.18 <0.0001 0.38 <0.0001 0.37 <0.0001 <0.0001 0.06 
Lite butt weight 
0.338 0.344 0.055 0.343 0.052 0.348 0.000 0.343 0.343 0.066 
<0.0001 <0.0001 0.11 <0.0001 0.13 <0.0001 0.99 <0.0001 <0.0001 0.06 
Gluteus profundus
 
          
 
     L* 
-0.163 -0.158 0.006 -0.163 -0.012 -0.160 0.018 -0.178 -0.175 -0.077 
<0.0001 <0.0001 0.86 <0.0001 0.74 <0.0001 0.61 <0.0001 <0.0001 0.03 
 
     a* 
0.063 0.054 -0.023 0.059 -0.007 0.048 -0.008 0.047 0.045 -0.032 
0.07 0.12 0.51 0.09 0.84 0.17 0.81 0.18 0.20 0.37 
 
     b* 
-0.035 -0.029 0.021 -0.034 0.003 -0.018 0.074 -0.018 -0.016 0.046 
0.32 0.41 0.55 0.32 0.92 0.61 0.03 0.60 0.65 0.20 
Gluteus medius
 
          
 
     L* 
-0.075 -0.084 -0.038 -0.087 -0.056 -0.096 -0.054 -0.114 -0.118 -0.150 
0.03 0.02 0.27 0.01 0.11 0.01 0.13 <0.01 <0.01 <0.0001 
 
     a* 
-0.044 -0.045 -0.023 -0.046 -0.029 -0.030 0.037 -0.036 -0.037 -0.011 
0.21 0.20 0.52 0.19 0.41 0.39 0.29 0.30 0.30 0.75 
 
     b* 
0.021 0.015 -0.027 0.009 -0.054 0.028 0.021 0.034 0.032 0.010 







































          
 
     L* 
-0.110 -0.113 -0.019 -0.114 -0.023 -0.117 -0.040 -0.140 -0.142 -0.141 
<0.01 <0.01 0.59 <0.01 0.51 <0.01 0.25 <0.0001 <0.0001 <0.0001 
 
     a* 
0.081 0.067 -0.051 0.068 -0.059 0.089 0.004 0.082 0.080 0.000 
0.02 0.05 0.14 0.05 0.09 0.01 0.92 0.02 0.02 0.99 
 
     b* 
0.046 0.027 -0.058 0.030 -0.055 0.057 0.009 0.026 0.023 -0.070 
0.19 0.44 0.10 0.39 0.12 0.10 0.79 0.46 0.51 0.05 
Adductor
 
          
 
     L* 
-0.247 -0.233 0.025 -0.236 0.021 -0.209 0.119 -0.230 -0.231 -0.009 
<0.0001 <0.0001 0.48 <0.0001 0.55 <0.0001 <0.01 <0.0001 <0.0001 0.80 
 
     a* 
-0.002 -0.011 -0.038 -0.012 -0.051 -0.024 -0.079 -0.032 -0.032 -0.095 
0.96 0.76 0.27 0.72 0.14 0.49 0.02 0.36 0.37 0.01 
 
     b* 
-0.134 -0.130 0.002 -0.134 -0.011 -0.126 -0.005 -0.149 -0.147 -0.070 
<0.0001 <0.01 0.96 <0.01 0.76 <0.01 0.90 <0.0001 <0.0001 0.04 
Semitendinosus, light 
         
 
     L* 
-0.190 -0.208 -0.090 -0.202 -0.076 -0.225 -0.110 -0.232 -0.238 -0.182 
<0.0001 <0.0001 0.01 <0.0001 0.03 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
 
     a* 
-0.019 -0.027 -0.024 -0.029 -0.038 0.006 0.006 0.015 0.013 0.021 
0.58 0.44 0.48 0.41 0.27 0.87 0.86 0.68 0.71 0.54 
 
     b* 
-0.211 -0.235 -0.111 -0.229 -0.100 -0.235 -0.121 -0.232 -0.239 -0.165 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
Semitendinosus, dark
 
         
 
     L* 
-0.144 -0.138 0.009 -0.144 -0.013 -0.140 -0.038 -0.144 -0.146 -0.077 
<0.0001 <0.0001 0.79 <0.0001 0.71 <0.0001 0.28 <0.0001 <0.0001 0.03 
 
     a* 
-0.036 -0.067 -0.130 -0.060 -0.118 -0.057 0.003 -0.068 -0.066 -0.050 
0.30 0.05 <0.01 0.08 <0.01 0.10 0.93 0.05 0.06 0.15 
 
     b* 
-0.077 -0.095 -0.081 -0.096 -0.098 -0.092 -0.027 -0.112 -0.110 -0.097 







































          
 
     L* 
-0.116 -0.111 0.018 -0.115 0.007 -0.103 0.040 -0.117 -0.120 -0.039 
<0.01 <0.01 0.60 <0.01 0.84 <0.01 0.25 <0.01 <0.01 0.27 
 
     a* 
0.046 0.028 -0.073 0.027 -0.089 0.050 -0.018 0.026 0.028 -0.064 
0.18 0.42 0.04 0.43 0.01 0.15 0.62 0.46 0.42 0.07 
 
     b* 
-0.016 -0.021 -0.020 -0.026 -0.045 0.004 0.049 -0.026 -0.025 -0.040 
0.64 0.54 0.57 0.45 0.19 0.91 0.16 0.46 0.48 0.26 
Vastus lateralis
 
          
 
     L* 
-0.158 -0.152 0.003 -0.155 -0.005 -0.144 0.040 -0.145 -0.146 -0.029 
<0.0001 <0.0001 0.94 <0.0001 0.89 <0.0001 0.25 <0.0001 <0.0001 0.41 
 
     a* 
-0.030 -0.054 -0.088 -0.054 -0.103 -0.045 -0.061 -0.052 -0.052 -0.084 
0.39 0.12 0.01 0.12 <0.01 0.19 0.08 0.13 0.13 0.02 
 
     b* 
0.038 0.027 -0.039 0.029 -0.038 0.033 -0.005 0.031 0.032 -0.026 
0.28 0.43 0.26 0.40 0.28 0.34 0.90 0.38 0.36 0.46 
Rectus femoris
 
          
 
     L* 
-0.110 -0.116 -0.026 -0.116 -0.028 -0.116 -0.037 -0.122 -0.126 -0.095 
<0.01 <0.01 0.46 <0.01 0.42 <0.01 0.29 <0.01 <0.01 0.01 
 
     a* 
0.015 -0.008 -0.091 -0.008 -0.108 0.008 -0.023 -0.009 -0.008 -0.068 
0.67 0.82 0.01 0.82 <0.01 0.82 0.51 0.79 0.81 0.05 
 
     b* 
0.136 0.100 -0.120 0.106 -0.116 0.104 -0.091 0.088 0.086 -0.115 










































-0.020 -0.016 0.015 -0.015 0.025 -0.039 -0.019 -0.011 -0.010 0.047 
0.57 0.63 0.67 0.66 0.47 0.26 0.60 0.75 0.77 0.18 
 Adductor 
0.001 0.004 0.015 0.008 0.034 -0.014 -0.003 0.018 0.021 0.075 




-0.010 -0.010 0.010 -0.008 0.020 -0.024 0.002 0.011 0.012 0.082 




-0.004 0.009 0.050 0.011 0.071 -0.006 0.029 0.025 0.025 0.093 
0.90 0.79 0.15 0.74 0.04 0.87 0.40 0.48 0.47 0.01 
 Biceps femoris 
-0.044 -0.030 0.050 -0.029 0.064 -0.046 0.035 -0.016 -0.014 0.091 
0.21 0.39 0.15 0.40 0.06 0.18 0.32 0.65 0.68 0.01 
 Vastus lateralis 
-0.040 -0.027 0.048 -0.026 0.062 -0.033 0.055 -0.010 -0.006 0.103 
0.25 0.44 0.17 0.45 0.07 0.34 0.11 0.78 0.87 <0.01 
 Rectus femoris 
-0.017 0.005 0.070 0.007 0.094 -0.001 0.074 0.025 0.026 0.128 
0.63 0.89 0.04 0.85 0.01 0.98 0.03 0.48 0.45 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh ham muscles was 
determined on one measure per muscle. Instrumental color and ultimate pH for ham muscles was measured on: the semimembranosus 
(blonde spot, medial side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus 





Table C.15. Whole population Pearson correlation coefficients of fresh ham traits with processed ham  color, bind 
strength, and proximate composition 
1,2
  




Variable L* a* b* 
Moisture, 




Weight, 1 d 
0.032 0.009 0.034 -0.068 0.007 0.009 -0.032 -0.031 
0.36 0.80 0.33 0.06 0.84 0.80 0.36 0.37 
Pre-trim weight 
0.026 0.015 0.035 -0.059 0.008 0.013 -0.039 -0.038 
0.46 0.67 0.32 0.10 0.82 0.72 0.27 0.28 
Post-trim weight 
0.048 -0.021 0.016 -0.069 0.091 -0.101 -0.002 -0.033 
0.17 0.55 0.65 0.05 0.01 <0.01 0.96 0.34 
Inside weight 
0.030 0.032 -0.046 -0.114 0.149 -0.165 -0.018 -0.070 
0.40 0.37 0.19 <0.01 <0.0001 <0.0001 0.61 0.05 
Outside weight 
0.074 0.077 0.011 -0.083 0.018 0.027 -0.102 -0.099 
0.03 0.03 0.75 0.02 0.62 0.43 <0.01 <0.01 
Knuckle weight 
0.026 0.055 0.007 -0.115 0.131 -0.163 0.020 -0.028 
0.46 0.11 0.85 <0.01 <0.01 <0.0001 0.57 0.41 
Shank weight 
0.072 0.021 0.008 -0.034 0.037 0.008 -0.099 -0.102 
0.04 0.54 0.82 0.33 0.29 0.83 <0.01 <0.01 
Lite butt weight 
0.040 0.041 -0.053 -0.054 0.061 -0.042 -0.076 -0.092 
0.26 0.24 0.13 0.13 0.08 0.23 0.03 0.01 
Gluteus profundus 
      
  
 
     L* 
0.111 -0.056 0.071 0.019 -0.113 0.116 -0.022 0.012 
<0.01 0.11 0.04 0.60 <0.01 <0.01 0.53 0.73 
 
     a* 
-0.163 0.071 0.078 0.001 -0.077 0.042 0.092 0.109 
<0.0001 0.04 0.03 0.97 0.03 0.23 0.01 <0.01 
 
     b* 
0.139 0.103 0.026 -0.010 -0.080 0.110 -0.135 -0.109 






Table C.15. Continued. Whole population Pearson correlation coefficients of fresh ham traits with processed ham  
color, bind strength, and proximate composition 
1,2
  




Variable L* a* b* 
Moisture, 






      
  
 
     L* 
0.161 -0.165 0.195 0.074 -0.191 0.151 0.062 0.111 
<0.0001 <0.0001 <0.0001 0.04 <0.0001 <0.0001 0.08 <0.01 
 
     a* 
-0.074 0.257 0.091 -0.042 -0.129 0.115 -0.047 -0.014 
0.04 <0.0001 0.01 0.24 <0.01 <0.01 0.18 0.70 
 
     b* 
0.180 0.137 0.122 0.017 -0.140 0.158 -0.147 -0.106 
<0.0001 <0.0001 <0.01 0.65 <0.0001 <0.0001 <0.0001 <0.01 
Semimembranosus 
      
  
 
     L* 
0.106 -0.122 0.192 -0.022 -0.162 0.098 0.110 0.145 
<0.01 <0.01 <0.0001 0.53 <0.0001 0.01 <0.01 <0.0001 
 
     a* 
-0.088 0.280 0.158 0.027 -0.088 0.081 -0.063 -0.042 
0.01 <0.0001 <0.0001 0.44 0.01 0.02 0.07 0.23 
 
     b* 
0.067 0.048 0.210 -0.022 -0.161 0.111 0.040 0.075 
0.06 0.17 <0.0001 0.54 <0.0001 <0.01 0.26 0.03 
Adductor 
      
  
 
     L* 
0.172 -0.238 0.109 0.047 -0.141 0.146 0.023 0.068 
<0.0001 <0.0001 <0.01 0.19 <0.0001 <0.0001 0.52 0.05 
 
     a* 
-0.109 0.227 0.129 -0.007 -0.101 0.044 0.044 0.059 
<0.01 <0.0001 <0.01 0.84 <0.01 0.21 0.21 0.09 
 
     b* 
0.085 -0.013 0.133 0.030 -0.171 0.136 0.024 0.065 






Table C.15. Continued. Whole population Pearson correlation coefficients of fresh ham traits with processed ham  
color, bind strength, and proximate composition 
1,2
  




Variable L* a* b* 
Moisture, 





Semitendinosus, light      
  
 
     L* 
-0.083 -0.225 0.076 0.026 -0.231 0.174 0.188 0.250 
0.02 <0.0001 0.03 0.47 <0.0001 <0.0001 <0.0001 <0.0001 
 
     a* 
0.020 0.297 0.101 -0.019 -0.034 0.135 -0.218 -0.188 
0.56 <0.0001 <0.01 0.60 0.34 <0.01 <0.0001 <0.0001 
 
     b* 
-0.077 -0.053 0.134 -0.014 -0.264 0.261 0.062 0.145 
0.03 0.13 <0.01 0.70 <0.0001 <0.0001 0.07 <0.0001 
Semitendinosus, dark 
     
  
 
     L* 
0.193 -0.075 0.043 0.033 -0.137 0.208 -0.125 -0.068 
<0.0001 0.03 0.22 0.36 <0.0001 <0.0001 <0.01 0.05 
 
     a* 
-0.106 0.008 0.114 0.021 -0.144 0.085 0.133 0.166 
<0.01 0.82 <0.01 0.56 <0.0001 0.01 <0.01 <0.0001 
 
     b* 
0.131 0.019 0.110 -0.004 -0.201 0.189 -0.027 0.030 
<0.01 0.59 <0.01 0.92 <0.0001 <0.0001 0.43 0.40 
Biceps femoris       
  
 
     L* 
0.129 -0.153 0.137 -0.001 -0.115 0.090 0.058 0.089 
<0.01 <0.0001 <0.0001 0.99 <0.01 0.01 0.10 0.01 
 
     a* 
-0.024 0.311 0.237 -0.005 -0.192 0.140 -0.019 0.021 
0.50 <0.0001 <0.0001 0.89 <0.0001 <0.0001 0.58 0.56 
 
     b* 
0.112 0.167 0.243 -0.023 -0.188 0.129 -0.019 0.019 






Table C.15. Continued. Whole population Pearson correlation coefficients of fresh ham traits with processed ham  
color, bind strength, and proximate composition 
1,2
  




Variable L* a* b* 
Moisture, 





Vastus lateralis       
  
 
     L* 
0.134 -0.200 0.126 0.058 -0.113 0.114 0.036 0.072 
<0.01 <0.0001 <0.01 0.10 <0.01 <0.01 0.30 0.04 
 
     a* 
-0.078 0.241 0.111 0.023 -0.085 0.052 -0.001 0.016 
0.03 <0.0001 <0.01 0.51 0.01 0.13 0.99 0.65 
 
     b* 
0.022 0.090 0.171 0.027 -0.099 0.048 0.033 0.049 
0.54 0.01 <0.0001 0.45 <0.01 0.17 0.34 0.16 
Rectus femoris       
  
 
     L* 
0.097 -0.207 0.133 0.028 -0.159 0.165 0.039 0.090 
0.01 <0.0001 <0.01 0.43 <0.0001 <0.0001 0.27 0.01 
 
     a* 
-0.068 0.219 0.098 0.064 -0.058 0.016 0.025 0.031 
0.05 <0.0001 <0.01 0.07 0.10 0.65 0.47 0.37 
 
     b* 
0.030 0.049 0.165 0.068 -0.098 0.032 0.077 0.089 






Table C.15. Continued. Whole population Pearson correlation coefficients of fresh ham traits with processed ham  
color, bind strength, and proximate composition 
1,2
  




Variable L* a* b* 
Moisture, 









-0.123 -0.058 -0.244 -0.026 0.112 0.001 -0.102 -0.107 
<0.01 0.10 <0.0001 0.47 <0.01 0.98 <0.01 <0.01 
 
Adductor 
-0.136 -0.102 -0.274 -0.005 0.120 -0.008 -0.086 -0.093 




-0.149 -0.075 -0.230 -0.016 0.111 0.004 -0.099 -0.103 




-0.225 -0.089 -0.231 0.041 0.104 -0.005 -0.059 -0.065 
<0.0001 0.01 <0.0001 0.25 <0.01 0.88 0.09 0.06 
 
Biceps femoris 
-0.141 -0.073 -0.275 -0.007 0.112 0.003 -0.105 -0.109 
<0.0001 0.04 <0.0001 0.85 <0.01 0.94 <0.01 <0.01 
 
Vastus lateralis 
-0.131 -0.085 -0.261 -0.006 0.129 -0.032 -0.085 -0.099 
<0.01 0.01 <0.0001 0.87 <0.01 0.36 0.02 <0.01 
 
Rectus femoris 
-0.108 -0.082 -0.261 0.048 0.149 -0.065 -0.064 -0.086 
<0.01 0.02 <0.0001 0.17 <0.0001 0.06 0.07 0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh 
ham muscles and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, 
semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 
and rectus femoris (proximal face). Instrumental color cured ham was determined on as the average of 4 
measurements on a ham steak.
 
3





Table C.16. Whole population Pearson correlation coefficients of loin pH, water 














0.074 -0.169 0.099 0.116 -0.151 -0.044 
0.04 <0.0001 <0.01 <0.01 <0.0001 0.21 
pH, 31 
min   
-0.028 -0.037 0.129 0.119 0.309 
 
0.44 0.32 <0.01 <0.01 <0.0001 
pH, 1 d   
0.538 -0.494 -0.543 -0.263 
  
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d    
-0.358 -0.636 -0.299 
   




    
0.567 0.499 





     
0.529 
     
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2





Table C.17. Whole population Pearson correlation coefficients of loin color, marbling, and firmness
1,2
  
      











20 d      L*      a*      b*      L*      a*      b* 
Color, 1 
d 
0.479 0.269 0.377 0.214 0.097 -0.398 0.248 -0.224 -0.400 0.146 -0.088 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 
Marbling, 
1 d  
0.321 0.257 0.589 0.123 0.105 0.137 0.111 -0.032 0.069 0.095 
 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 0.36 0.05 0.01 
Firmness, 
1 d   
0.168 0.228 0.108 -0.053 0.095 0.054 -0.154 -0.028 -0.066 
  
<0.0001 <0.0001 <0.01 <0.01 <0.0001 <0.01 <0.0001 0.42 0.06 
Color, 20 
d    
0.230 0.138 -0.349 0.086 -0.236 -0.667 -0.079 -0.423 
   
<0.0001 <0.0001 <0.0001 0.02 <0.0001 <0.0001 0.02 <0.0001 
Marbling, 
20 d     
0.155 0.133 0.111 0.195 -0.016 -0.005 0.103 
    
<0.0001 <0.01 <0.01 <0.0001 0.64 0.88 <0.01 
Firmness, 
20 d      
-0.062 0.118 0.029 -0.125 0.067 -0.030 
     
0.08 <0.01 0.41 <0.01 0.06 0.39 
1d 
           
     L*       
-0.278 0.691 0.602 -0.190 0.282 
      
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a*        
0.257 -0.153 0.524 0.232 
       
<0.0001 <0.0001 <0.0001 <0.0001 
     b*         
0.426 -0.003 0.418 
        
<0.0001 0.94 <0.0001 
1d 
           
     L*          
-0.094 0.542 
         
0.01 <0.0001 
     a*           
0.635 
          
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow color). Instrumental loin color was determined as the average of 2 





 Table C.18. Whole population Pearson correlation coefficients of 












Bruker measured IV 
-0.277 -0.647 0.121 0.615 
<0.0001 <0.0001 <0.0001 <0.0001 
NitFOM measured IV 
-0.295 -0.651 0.169 0.637 
<0.0001 <0.0001 <0.0001 <0.0001 
GC measured IV 
(AOCS) 
-0.322 -0.625 0.087 0.585 
<0.0001 <0.0001 0.02 <0.0001 
SFA 
0.327 0.419 -0.029 -0.383 
<0.0001 <0.0001 0.42 <0.0001 
MUFA 
-0.126 0.123 -0.060 -0.127 
<0.01 <0.01 0.09 <0.01 
PUFA 
-0.163 -0.565 0.104 0.536 
<0.0001 <0.0001 <0.01 <0.0001 
USFA:SFA 
-0.335 -0.422 0.029 0.386 
<0.0001 <0.0001 0.43 <0.0001 
PUFA:SFA 
-0.301 -0.635 0.089 0.594 
<0.0001 <0.0001 0.01 <0.0001 
C 14:0, % 
0.101 0.245 0.048 -0.199 
<0.01 <0.0001 0.19 <0.0001 
C 15:0, % 
-0.178 -0.175 0.030 0.167 
<0.0001 <0.0001 0.41 <0.0001 
C 16:0, % 
0.308 0.460 0.043 -0.392 
<0.0001 <0.0001 0.24 <0.0001 
C 16:1, % 
-0.151 0.007 0.067 0.021 
<0.0001 0.85 0.06 0.57 
C 17:0, % 
-0.343 -0.305 -0.101 0.231 
<0.0001 <0.0001 0.01 <0.0001 
C 17:1, % 
-0.269 -0.068 -0.185 -0.006 
<0.0001 0.06 <0.0001 0.87 
C 18:0, % 
0.265 0.273 -0.079 -0.273 
<0.0001 <0.0001 0.03 <0.0001 
C 18:1 n9, % 
-0.105 0.126 -0.059 -0.130 
<0.01 <0.01 0.10 <0.01 
C 18:2 n6, % 
-0.143 -0.570 0.127 0.549 
<0.0001 <0.0001 <0.01 <0.0001 
C 18:3 n6, % 
-0.052 -0.195 0.038 0.184 
0.13 <0.0001 0.29 <0.0001 
C 18:3 n3, % 
-0.414 -0.304 -0.199 0.196 
<0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.245 0.285 0.033 -0.243 
<0.0001 <0.0001 0.37 <0.0001 
C 20:1 n9, % 
0.046 0.206 -0.171 -0.245 
0.18 <0.0001 <0.0001 <0.0001 
C 20:2 n6, % 
0.056 -0.309 0.076 0.300 





Table C.18. Continued. Whole population Pearson correlation 
coefficients of carcass composition with iodine value and Fatty Acid 











C 20:3 n6, % 
-0.198 -0.417 0.080 0.397 
<0.0001 <0.0001 0.03 <0.0001 
C 20:4 n6, % 
-0.306 -0.445 -0.002 0.393 
<0.0001 <0.0001 0.97 <0.0001 
C 20:3 n3, % 
-0.222 -0.201 -0.112 0.137 
<0.0001 <0.0001 <0.01 <0.01 
C 20:5 n3, % 
-0.014 -0.030 0.042 0.038 
0.70 0.40 0.25 0.30 
C 22:0, % 
0.034 -0.020 0.028 0.030 
0.33 0.58 0.44 0.40 
C 22:1 n9, % 
0.053 0.011 0.048 0.010 
0.13 0.77 0.19 0.79 
C 22:4 n6, % 
0.102 -0.020 -0.037 0.004 
<0.01 0.58 0.31 0.91 
C 22:5, % 
-0.194 -0.023 -0.205 -0.054 
<0.0001 0.53 <0.0001 0.14 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty 
acids. MUFA = monounsaturated fatty acids. PUFA = polyunsaturated 
fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 
PUFA) to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated 





Table C.19. Whole population Pearson correlation coefficients of loin weight, pH, water holding 


















0.147 0.114 -0.071 -0.112 0.319 0.173 0.328 
<0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
NitFOM 
measured IV 
0.174 0.159 -0.078 -0.106 0.355 0.178 0.341 




0.055 0.108 -0.070 -0.127 0.266 0.189 0.306 
0.12 <0.01 0.05 <0.01 <0.0001 <0.0001 <0.0001 
SFA 
0.131 -0.183 0.071 0.229 -0.216 -0.282 -0.348 
<0.01 <0.0001 0.04 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.289 0.171 -0.031 -0.210 0.010 0.221 0.170 
<0.0001 <0.0001 0.37 <0.0001 0.78 <0.0001 <0.0001 
PUFA 
0.231 -0.032 -0.030 0.040 0.195 -0.002 0.125 
<0.0001 0.38 0.39 0.26 <0.0001 0.95 <0.01 
USFA:SFA 
-0.132 0.174 -0.070 -0.217 0.224 0.278 0.351 
<0.01 <0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
0.097 0.076 -0.057 -0.086 0.265 0.147 0.282 
0.01 0.04 0.10 0.01 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.028 0.012 -0.062 0.208 -0.047 -0.134 -0.132 
0.43 0.73 0.08 <0.0001 0.19 <0.01 <0.01 
C 15:0, % 
-0.055 0.004 0.003 -0.087 0.068 0.108 0.048 
0.12 0.91 0.93 0.01 0.06 <0.01 0.17 
C 16:0, % 
0.057 -0.052 0.024 0.131 -0.134 -0.146 -0.213 
0.11 0.15 0.50 <0.01 <0.01 <0.0001 <0.0001 
C 16:1, % 
-0.205 0.189 -0.091 -0.172 0.110 0.214 0.222 
<0.0001 <0.0001 0.01 <0.0001 <0.01 <0.0001 <0.0001 
C 17:0, % 
-0.185 0.063 0.070 -0.079 0.098 0.137 0.156 
<0.0001 0.08 0.05 0.03 0.01 <0.0001 <0.0001 
C 17:1, % 
-0.217 -0.132 0.121 -0.080 -0.033 -0.013 -0.018 
<0.0001 <0.01 <0.01 0.02 0.36 0.72 0.61 
C 18:0, % 
0.160 -0.241 0.090 0.235 -0.223 -0.310 -0.357 
<0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, % 
-0.271 0.171 -0.030 -0.202 0.003 0.214 0.160 
<0.0001 <0.0001 0.39 <0.0001 0.92 <0.0001 <0.0001 
C 18:2 n6, % 
0.248 -0.028 -0.044 0.025 0.209 0.011 0.136 
<0.0001 0.44 0.21 0.48 <0.0001 0.75 <0.01 
C 18:3 n6, % 
0.094 0.025 0.017 0.008 0.017 -0.034 -0.015 
0.01 0.50 0.62 0.82 0.63 0.34 0.67 
C 18:3 n3, % 
-0.148 -0.046 0.126 0.130 -0.031 -0.090 -0.042 
<0.0001 0.20 <0.01 <0.01 0.39 0.01 0.24 
C 20:0, % 
0.099 -0.086 0.025 0.077 -0.112 -0.147 -0.133 






Table C.19. Continued. Whole population Pearson correlation coefficients of loin weight, pH, 

















C 20:1 n9, % 
-0.073 -0.181 0.077 0.063 -0.145 -0.119 -0.157 
0.04 <0.0001 0.03 0.07 <0.0001 <0.01 <0.0001 
C 20:2 n6, % 
0.280 -0.108 -0.002 0.130 0.106 -0.110 0.035 
<0.0001 <0.01 0.94 <0.01 <0.01 <0.01 0.33 
C 20:3 n6, % 
0.101 0.078 0.016 0.027 0.168 0.033 0.172 
<0.01 0.03 0.64 0.45 <0.0001 0.35 <0.0001 
C 20:4 n6, % 
0.009 0.146 0.023 -0.063 0.127 0.097 0.189 
0.80 <0.0001 0.52 0.07 <0.01 0.01 <0.0001 
C 20:3 n3, % 
-0.049 -0.017 0.064 0.161 0.007 -0.102 0.003 
0.16 0.65 0.07 <0.0001 0.86 <0.01 0.93 
C 20:5 n3, % 
-0.007 0.020 -0.045 -0.023 0.030 0.041 0.012 
0.85 0.58 0.20 0.52 0.40 0.24 0.74 
C 22:0, % 
0.031 -0.020 -0.001 -0.017 -0.038 -0.040 -0.050 
0.38 0.58 0.97 0.63 0.28 0.25 0.15 
C 22:1 n9, % 
0.091 -0.091 0.001 0.003 -0.053 -0.054 -0.078 
0.01 0.01 0.97 0.94 0.14 0.13 0.03 
C 22:4 n6, % 
0.171 -0.076 0.032 0.148 -0.068 -0.164 -0.123 
<0.0001 0.04 0.36 <0.0001 0.06 <0.0001 <0.01 
C 22:5, % 
-0.127 -0.049 0.117 0.099 -0.110 -0.106 -0.103 
<0.01 0.18 <0.01 0.01 <0.01 <0.01 <0.01 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio of 
polyunsaturated fatty acids to saturated fatty acids. 
3





Table C.20. Whole population Pearson correlation coefficients of subjective loin 




















-0.197 -0.386 -0.192 -0.065 -0.374 -0.090 




-0.215 -0.409 -0.203 -0.083 -0.377 -0.035 




-0.232 -0.371 -0.246 -0.053 -0.326 -0.050 
<0.0001 <0.0001 <0.0001 0.13 <0.0001 0.16 
SFA 
0.136 0.141 0.219 0.002 0.203 -0.004 
<0.0001 <0.0001 <0.0001 0.96 <0.0001 0.92 
MUFA 
0.070 0.249 -0.041 0.061 0.097 0.069 
0.04 <0.0001 0.24 0.08 0.01 0.05 
PUFA 
-0.218 -0.444 -0.161 -0.077 -0.317 -0.082 
<0.0001 <0.0001 <0.0001 0.03 <0.0001 0.02 
USFA:SFA 
-0.150 -0.158 -0.232 -0.006 -0.211 0.003 
<0.0001 <0.0001 <0.0001 0.87 <0.0001 0.94 
PUFA:SFA 
-0.238 -0.407 -0.239 -0.059 -0.344 -0.061 
<0.0001 <0.0001 <0.0001 0.09 <0.0001 0.08 
C 14:0, % 
-0.030 0.049 0.120 -0.034 0.171 0.054 
0.39 0.16 <0.01 0.34 <0.0001 0.13 
C 15:0, % 
-0.066 -0.048 -0.088 -0.017 -0.072 -0.177 
0.06 0.17 0.01 0.63 0.04 <0.0001 
C 16:0, % 
0.137 0.210 0.226 0.009 0.224 0.004 
<0.0001 <0.0001 <0.0001 0.80 <0.0001 0.92 
C 16:1, % 
-0.062 0.098 -0.044 0.002 0.038 0.003 
0.07 <0.01 0.20 0.95 0.28 0.93 
C 17:0, % 
-0.043 -0.040 -0.049 -0.027 -0.116 -0.063 
0.22 0.25 0.16 0.44 <0.01 0.08 
C 17:1, % 
0.032 0.048 0.042 0.075 -0.009 -0.032 
0.36 0.17 0.23 0.03 0.80 0.36 
C 18:0, % 
0.103 0.048 0.150 0.000 0.127 -0.006 
<0.01 0.17 <0.0001 0.99 <0.01 0.88 
C 18:1 n9, 
% 
0.077 0.247 -0.044 0.060 0.097 0.073 
0.03 <0.0001 0.21 0.09 0.01 0.04 
C 18:2 n6, 
% 
-0.222 -0.452 -0.159 -0.078 -0.327 -0.087 
<0.0001 <0.0001 <0.0001 0.03 <0.0001 0.01 
C 18:3 n6, 
% 
-0.105 -0.163 -0.051 -0.002 -0.023 -0.051 






Table C.20. Continued. Whole population Pearson correlation coefficients of 
subjective loin color, marbling, and firmness scores with iodine value and Fatty Acid 
















C 18:3 n3, 
% 
-0.116 -0.150 -0.124 -0.039 -0.044 0.004 
<0.01 <0.0001 <0.01 0.27 0.22 0.91 
C 20:0, % 
0.125 0.136 0.162 0.032 0.090 0.022 
<0.01 <0.0001 <0.0001 0.36 0.01 0.53 
C 20:1 n9, 
% 
0.131 0.161 0.099 0.055 0.075 0.038 
<0.01 <0.0001 <0.01 0.12 0.03 0.28 
C 20:2 n6, 
% 
-0.091 -0.290 -0.061 -0.021 -0.244 -0.030 
0.01 <0.0001 0.08 0.55 <0.0001 0.40 
C 20:3 n6, 
% 
-0.146 -0.276 -0.186 -0.063 -0.215 -0.026 
<0.0001 <0.0001 <0.0001 0.07 <0.0001 0.46 
C 20:4 n6, 
% 
-0.106 -0.249 -0.165 -0.088 -0.210 -0.041 
<0.01 <0.0001 <0.0001 0.01 <0.0001 0.25 
C 20:3 n3, 
% 
-0.048 -0.123 -0.111 -0.050 -0.076 0.024 
0.17 <0.01 <0.01 0.16 0.03 0.50 
C 20:5 n3, 
% 
-0.030 0.038 0.030 -0.051 0.049 0.004 
0.39 0.28 0.40 0.15 0.16 0.90 
C 22:0, % 
0.038 0.067 0.019 -0.005 0.087 0.006 
0.28 0.05 0.59 0.89 0.01 0.88 
C 22:1 n9, 
% 
0.004 0.013 -0.016 -0.006 0.033 0.091 
0.90 0.71 0.64 0.86 0.34 0.01 
C 22:4 n6, 
% 
0.040 -0.098 0.001 -0.073 -0.052 -0.048 
0.25 <0.01 0.98 0.04 0.14 0.18 
C 22:5, % 
-0.020 -0.020 -0.035 -0.006 0.083 0.028 
0.57 0.57 0.32 0.87 0.02 0.43 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio 
of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table C.21. Whole population Pearson correlation coefficients of instrumental loin 












-0.182 -0.136 -0.258 -0.034 -0.062 -0.163 




-0.243 -0.105 -0.334 -0.090 0.053 -0.149 




-0.085 -0.161 -0.189 0.002 -0.089 -0.144 
0.02 <0.0001 <0.0001 0.96 0.01 <0.0001 
SFA 
0.084 0.039 0.240 -0.016 -0.057 0.088 
0.02 0.27 <0.0001 0.66 0.11 0.01 
MUFA 
-0.018 0.143 -0.137 0.033 0.208 0.050 
0.61 <0.0001 <0.0001 0.35 <0.0001 0.15 
PUFA 
-0.059 -0.215 -0.061 -0.026 -0.203 -0.147 
0.09 <0.0001 0.08 0.46 <0.0001 <0.0001 
USFA:SFA 
-0.078 -0.047 -0.230 0.018 0.051 -0.086 
0.03 0.19 <0.0001 0.62 0.14 0.01 
PUFA:SFA 
-0.089 -0.179 -0.174 -0.012 -0.118 -0.156 
0.01 <0.0001 <0.0001 0.74 <0.01 <0.0001 
C 14:0, % 
0.091 0.020 0.191 0.061 -0.086 0.056 
0.01 0.57 <0.0001 0.08 0.01 0.11 
C 15:0, % 
0.054 -0.066 -0.033 0.047 -0.046 -0.025 
0.13 0.06 0.35 0.18 0.19 0.47 
C 16:0, % 
-0.003 0.152 0.095 -0.011 0.057 0.073 
0.92 <0.0001 0.01 0.76 0.10 0.04 
C 16:1, % 
-0.050 0.093 -0.181 0.059 0.086 -0.043 
0.16 0.01 <0.0001 0.10 0.02 0.22 
C 17:0, % 
0.042 -0.111 -0.115 0.045 -0.040 -0.060 
0.23 <0.01 <0.01 0.20 0.26 0.09 
C 17:1, % 
0.102 -0.092 -0.048 0.037 -0.110 -0.058 
<0.01 0.01 0.18 0.30 <0.01 0.10 
C 18:0, % 
0.121 -0.055 0.280 -0.022 -0.122 0.074 
<0.01 0.12 <0.0001 0.53 <0.01 0.03 
C 18:1 n9, 
% 
-0.021 0.145 -0.127 0.026 0.221 0.062 
0.54 <0.0001 <0.01 0.45 <0.0001 0.08 
C 18:2 n6, 
% 
-0.071 -0.204 -0.074 -0.030 -0.191 -0.150 
0.04 <0.0001 0.04 0.40 <0.0001 <0.0001 
C 18:3 n6, 
% 
0.029 -0.119 0.022 0.012 -0.102 -0.045 






Table C.21. Continued. Whole population Pearson correlation coefficients of 








Variable      L*      a*      b*      L*      a*      b* 
C 18:3 n3, 
% 
0.176 -0.255 0.129 0.088 -0.249 -0.012 
<0.0001 <0.0001 <0.01 0.01 <0.0001 0.73 
C 20:0, % 
-0.033 0.101 0.056 -0.053 0.057 0.036 
0.35 <0.01 0.11 0.13 0.11 0.31 
C 20:1 n9, 
% 
0.106 0.016 0.159 -0.001 -0.116 -0.008 
<0.01 0.66 <0.0001 0.98 <0.01 0.81 
C 20:2 n6, 
% 
-0.114 -0.118 -0.029 -0.107 -0.169 -0.146 
<0.01 <0.01 0.41 <0.01 <0.0001 <0.0001 
C 20:3 n6, 
% 
-0.093 -0.138 -0.130 -0.025 -0.122 -0.118 
0.01 <0.0001 <0.01 0.48 <0.01 <0.01 
C 20:4 n6, 
% 
-0.099 -0.119 -0.164 -0.019 -0.048 -0.098 
0.01 <0.01 <0.0001 0.58 0.17 0.01 
C 20:3 n3, 
% 
0.073 -0.158 0.079 0.037 -0.189 -0.027 
0.04 <0.0001 0.03 0.29 <0.0001 0.44 
C 20:5 n3, 
% 
0.052 -0.048 0.027 0.055 0.006 0.060 
0.14 0.17 0.44 0.12 0.87 0.09 
C 22:0, % 
-0.006 -0.008 0.008 0.031 -0.038 0.022 
0.87 0.81 0.81 0.37 0.28 0.54 
C 22:1 n9, 
% 
0.062 -0.083 0.088 0.041 -0.018 0.078 
0.08 0.02 0.01 0.24 0.61 0.03 
C 22:4 n6, 
% 
-0.012 -0.079 0.094 -0.010 -0.166 -0.029 
0.72 0.02 0.01 0.77 <0.0001 0.41 
C 22:5, % 
0.155 -0.160 0.142 0.065 -0.123 0.063 
<0.0001 <0.0001 <0.0001 0.06 <0.01 0.07 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. 
MUFA = monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. 
USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental loin 






Table C.22. Whole population Pearson correlation coefficients of ham weights with iodine value and Fatty 
























-0.118 -0.125 0.057 0.194 0.139 0.118 -0.002 0.150 




-0.135 -0.088 0.091 0.222 0.204 0.125 0.027 0.101 




-0.183 -0.179 -0.013 0.122 0.086 0.064 -0.030 0.152 
<0.0001 <0.0001 0.71 <0.01 0.01 0.07 0.39 <0.0001 
SFA 
0.250 0.244 0.150 0.022 -0.030 0.023 0.036 -0.106 
<0.0001 <0.0001 <0.0001 0.52 0.39 0.50 0.29 <0.01 
MUFA 
-0.180 -0.176 -0.239 -0.206 -0.070 -0.129 -0.023 -0.023 
<0.0001 <0.0001 <0.0001 <0.0001 0.04 <0.01 0.50 0.50 
PUFA 
-0.020 -0.019 0.150 0.233 0.116 0.137 -0.006 0.132 
0.56 0.59 <0.0001 <0.0001 <0.01 <0.0001 0.85 <0.01 
USFA:SFA 
-0.255 -0.247 -0.152 -0.028 0.020 -0.030 -0.046 0.106 
<0.0001 <0.0001 <0.0001 0.42 0.56 0.39 0.18 <0.01 
PUFA:SFA 
-0.153 -0.148 0.024 0.152 0.093 0.080 -0.032 0.151 
<0.0001 <0.0001 0.48 <0.0001 0.01 0.02 0.36 <0.0001 
C 14:0, % 
0.035 0.019 -0.024 -0.087 -0.110 -0.087 -0.059 -0.058 
0.30 0.59 0.49 0.01 <0.01 0.01 0.09 0.10 
C 15:0, % 
-0.122 -0.128 -0.080 -0.017 -0.029 -0.045 -0.084 0.058 
<0.01 <0.01 0.02 0.63 0.40 0.19 0.02 0.10 
C 16:0, % 
0.199 0.190 0.074 -0.033 -0.009 0.000 0.037 -0.102 
<0.0001 <0.0001 0.03 0.34 0.80 0.99 0.29 <0.01 
C 16:1, % 
-0.174 -0.177 -0.193 -0.151 -0.049 -0.087 -0.057 0.012 
<0.0001 <0.0001 <0.0001 <0.0001 0.15 0.01 0.10 0.73 
C 17:0, % 
-0.269 -0.266 -0.191 -0.122 -0.124 -0.120 -0.128 -0.012 
<0.0001 <0.0001 <0.0001 <0.01 <0.01 <0.01 <0.01 0.72 
C 17:1, % 
-0.209 -0.208 -0.177 -0.147 -0.155 -0.091 -0.181 -0.095 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 0.01 
C 18:0, % 
0.234 0.233 0.181 0.071 -0.024 0.047 0.038 -0.079 
<0.0001 <0.0001 <0.0001 0.04 0.49 0.17 0.27 0.02 
C 18:1 n9, 
% 
-0.162 -0.157 -0.222 -0.193 -0.060 -0.121 -0.008 -0.020 
<0.0001 <0.0001 <0.0001 <0.0001 0.08 <0.01 0.81 0.56 
C 18:2 n6, 
% 
-0.001 0.000 0.167 0.250 0.134 0.156 0.008 0.142 
0.97 1.00 <0.0001 <0.0001 <0.01 <0.0001 0.82 <0.0001 
C 18:3 n6, 
% 
-0.017 -0.017 0.030 0.075 0.012 0.082 -0.030 0.031 






Table C.22. Continued. Whole population Pearson correlation coefficients of ham weights with iodine 





















C 18:3 n3, 
% 
-0.319 -0.314 -0.197 -0.154 -0.209 -0.201 -0.210 -0.060 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.08 
C 20:0, % 
0.203 0.205 0.125 0.070 0.020 0.057 0.039 -0.007 
<0.0001 <0.0001 <0.01 0.04 0.57 0.10 0.26 0.84 
C 20:1 n9, 
% 
0.010 0.001 -0.050 -0.064 -0.054 -0.070 -0.047 -0.056 
0.77 0.98 0.15 0.07 0.12 0.04 0.18 0.10 
C 20:2 n6, 
% 
0.150 0.150 0.254 0.297 0.184 0.180 0.052 0.124 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.13 <0.01 
C 20:3 n6, 
% 
-0.104 -0.106 0.026 0.159 0.065 0.068 -0.015 0.073 
<0.01 <0.01 0.45 <0.0001 0.06 0.05 0.66 0.03 
C 20:4 n6, 
% 
-0.209 -0.215 -0.087 0.046 -0.014 -0.029 -0.057 0.030 
<0.0001 <0.0001 0.01 0.19 0.69 0.40 0.10 0.39 
C 20:3 n3, 
% 
-0.160 -0.157 -0.070 -0.019 -0.092 -0.115 -0.129 -0.059 
<0.0001 <0.0001 0.04 0.58 0.01 <0.01 <0.01 0.09 
C 20:5 n3, 
% 
-0.006 -0.006 0.012 0.020 0.009 0.027 0.008 -0.039 
0.86 0.87 0.72 0.56 0.79 0.43 0.81 0.27 
C 22:0, % 
0.035 0.033 0.028 0.043 0.013 0.039 0.011 0.031 
0.32 0.34 0.41 0.22 0.70 0.26 0.74 0.37 
C 22:1 n9, 
% 
0.074 0.075 0.081 0.048 0.019 0.080 0.032 0.045 
0.03 0.03 0.02 0.17 0.59 0.02 0.36 0.20 
C 22:4 n6, 
% 
0.112 0.103 0.139 0.150 0.031 0.037 0.020 -0.015 
<0.01 <0.01 <0.0001 <0.0001 0.36 0.28 0.56 0.67 
C 22:5, % 
-0.156 -0.157 -0.121 -0.202 -0.184 -0.115 -0.100 -0.061 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.01 <0.01 0.08 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 





Table C.23. Whole population Pearson correlation coefficients of gluteus profundus, gluteus medius, and 














0.048 -0.035 -0.052 0.034 -0.065 -0.101 -0.015 -0.038 0.029 




0.056 -0.036 -0.027 0.020 0.002 -0.063 -0.058 0.071 0.068 




0.133 0.006 -0.052 0.077 -0.026 -0.165 0.021 -0.037 0.032 
<0.01 0.85 0.13 0.03 0.45 <0.0001 0.54 0.28 0.36 
SFA 
-0.184 0.038 -0.104 -0.090 -0.037 0.008 -0.003 0.020 -0.028 
<0.0001 0.28 <0.01 0.01 0.29 0.81 0.93 0.57 0.43 
MUFA 
0.144 -0.070 0.241 0.064 0.091 0.196 -0.018 0.012 0.002 
<0.0001 0.04 <0.0001 0.07 0.01 <0.0001 0.61 0.72 0.95 
PUFA 
0.000 0.050 -0.198 0.009 -0.077 -0.253 0.025 -0.034 0.024 
1.00 0.15 <0.0001 0.81 0.03 <0.0001 0.48 0.32 0.49 
USFA:SFA 
0.184 -0.035 0.097 0.094 0.038 -0.016 0.009 -0.023 0.029 
<0.0001 0.31 0.01 0.01 0.27 0.64 0.80 0.50 0.40 
PUFA:SFA 
0.099 0.016 -0.088 0.050 -0.035 -0.193 0.021 -0.037 0.033 
<0.01 0.64 0.01 0.15 0.32 <0.0001 0.55 0.29 0.34 
C 14:0, % 
0.029 0.010 0.064 0.093 0.005 0.094 0.010 0.006 -0.016 
0.41 0.77 0.07 0.01 0.88 0.01 0.77 0.87 0.65 
C 15:0, % 
0.054 0.037 -0.044 0.077 -0.033 -0.070 0.139 -0.050 0.078 
0.12 0.29 0.20 0.03 0.35 0.05 <0.0001 0.15 0.03 
C 16:0, % 
-0.145 -0.040 0.049 -0.097 -0.021 0.135 -0.042 0.026 -0.025 
<0.0001 0.25 0.16 0.01 0.54 <0.01 0.23 0.46 0.47 
C 16:1, % 
0.135 -0.083 0.193 0.063 0.061 0.127 -0.028 -0.060 -0.037 





Table C.23. Continued. Whole population Pearson correlation coefficients of gluteus profundus, gluteus medius, and 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.100 -0.062 -0.034 -0.031 -0.063 -0.149 0.042 -0.161 -0.062 
<0.01 0.07 0.33 0.37 0.07 <0.0001 0.22 <0.0001 0.08 
C 17:1, % 
-0.032 0.045 -0.170 -0.018 -0.135 -0.220 0.045 -0.212 -0.077 
0.35 0.20 <0.0001 0.60 <0.0001 <0.0001 0.19 <0.0001 0.03 
C 18:0, % 
-0.172 0.089 -0.196 -0.067 -0.037 -0.091 0.022 0.017 -0.021 
<0.0001 0.01 <0.0001 0.05 0.29 0.01 0.53 0.63 0.54 
C 18:1 n9, 
% 
0.140 -0.068 0.243 0.061 0.096 0.204 -0.018 0.030 0.009 
<0.0001 0.05 <0.0001 0.08 0.01 <0.0001 0.60 0.39 0.79 
C 18:2 n6, 
% 
-0.005 0.047 -0.195 0.001 -0.071 -0.246 0.022 -0.028 0.034 
0.88 0.18 <0.0001 0.98 0.04 <0.0001 0.53 0.42 0.33 
C 18:3 n6, 
% 
-0.007 0.121 -0.157 0.034 0.028 -0.147 0.010 -0.009 -0.008 
0.85 <0.01 <0.0001 0.33 0.42 <0.0001 0.78 0.80 0.82 
C 18:3 n3, 
% 
0.141 0.067 -0.149 0.173 -0.167 -0.276 0.089 -0.164 -0.108 
<0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.01 
C 20:0, % 
-0.132 -0.010 -0.046 -0.153 0.013 0.042 -0.023 0.063 0.043 
<0.01 0.77 0.18 <0.0001 0.70 0.23 0.51 0.07 0.22 
C 20:1 n9, 
% 
-0.027 0.048 -0.045 0.013 -0.019 -0.002 0.022 0.013 0.028 
0.44 0.17 0.20 0.72 0.59 0.95 0.53 0.71 0.43 
C 20:2 n6, 
% 
-0.120 0.039 -0.167 -0.078 -0.005 -0.099 -0.029 0.046 0.060 
<0.01 0.27 <0.0001 0.03 0.88 <0.01 0.40 0.18 0.08 
C 20:3 n6, 
% 
0.060 -0.046 -0.021 0.002 -0.024 -0.072 -0.024 0.011 -0.034 
0.08 0.19 0.54 0.94 0.48 0.04 0.50 0.76 0.33 
C 20:4 n6, 
% 
0.062 -0.021 0.018 -0.035 -0.035 -0.135 -0.024 -0.016 -0.063 
0.08 0.55 0.60 0.32 0.31 <0.01 0.49 0.66 0.07 
C 20:3 n3, 
% 
0.072 0.009 -0.068 0.091 -0.034 -0.086 0.025 -0.032 -0.065 
0.04 0.80 0.05 0.01 0.33 0.01 0.47 0.36 0.06 
C 20:5 n3, 
% 
0.009 0.005 -0.021 0.025 -0.011 -0.021 0.054 -0.011 0.017 
0.79 0.88 0.54 0.47 0.76 0.55 0.12 0.74 0.63 
C 22:0, % 
-0.011 0.055 -0.031 0.027 -0.001 -0.031 0.067 0.024 0.113 
0.75 0.12 0.38 0.44 0.98 0.37 0.05 0.49 <0.01 
C 22:1 n9, 
% 
-0.009 0.073 -0.077 0.036 -0.018 -0.075 0.088 -0.027 0.016 





Table C.23. Continued. Whole population Pearson correlation coefficients of gluteus profundus, gluteus medius, and 










Variable L* a* b* L* a* b* L* a* b* 
C 22:4 n6, 
% 
-0.077 0.056 -0.085 -0.085 0.006 -0.088 0.000 0.030 -0.003 
0.03 0.11 0.01 0.01 0.86 0.01 0.99 0.40 0.94 
C 22:5, % 
0.044 0.087 -0.080 0.083 -0.077 -0.122 0.072 -0.091 -0.064 
0.21 0.01 0.02 0.02 0.03 <0.01 0.04 0.01 0.07 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh hams was determined on one measure per muscle. Instrumental color for the gluteus profundus and gluteus 
medius were measured on the ham face and instrumental color for the semimembranosus was measured on the blonde 





Table C.24. Whole population Pearson correlation coefficients of adductor and semitendinosus light and dark portion 
color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2






  Semitendinosus, dark
3 




-0.024 -0.012 -0.033 -0.146 -0.114 -0.247 -0.133 -0.093 -0.156 




-0.081 0.019 -0.037 -0.252 -0.043 -0.308 -0.122 -0.150 -0.179 




0.000 -0.008 -0.028 -0.056 -0.103 -0.156 -0.108 -0.088 -0.156 
1.00 0.81 0.42 0.11 <0.01 <0.0001 <0.01 0.01 <0.0001 
SFA 
-0.056 0.010 -0.034 0.145 -0.039 0.161 -0.003 0.154 0.100 
0.11 0.76 0.33 <0.0001 0.26 <0.0001 0.93 <0.0001 <0.01 
MUFA 
0.095 -0.004 0.094 -0.157 0.199 -0.051 0.152 -0.137 0.041 
0.01 0.91 0.01 <0.0001 <0.0001 0.14 <0.0001 <0.0001 0.23 
PUFA 
-0.064 -0.005 -0.084 0.054 -0.208 -0.092 -0.185 0.021 -0.147 
0.07 0.89 0.02 0.12 <0.0001 0.01 <0.0001 0.55 <0.0001 
USFA:SFA 
0.053 -0.008 0.031 -0.137 0.032 -0.157 -0.005 -0.145 -0.103 
0.12 0.83 0.38 <0.0001 0.36 <0.0001 0.90 <0.0001 <0.01 
PUFA:SFA 
-0.021 -0.007 -0.047 -0.038 -0.132 -0.152 -0.136 -0.066 -0.165 
0.54 0.83 0.18 0.28 <0.01 <0.0001 <0.0001 0.06 <0.0001 
C 14:0, % 
0.013 0.020 -0.005 0.125 0.010 0.151 0.069 0.084 0.099 
0.71 0.57 0.88 <0.01 0.78 <0.0001 0.05 0.02 <0.01 
C 15:0, % 
0.039 -0.034 0.051 0.021 -0.083 -0.048 -0.022 -0.025 -0.045 
0.26 0.33 0.14 0.55 0.02 0.17 0.53 0.47 0.20 
C 16:0, % 
-0.046 0.022 0.011 -0.025 0.075 0.057 0.074 0.059 0.150 
0.18 0.53 0.76 0.47 0.03 0.10 0.03 0.09 <0.0001 
C 16:1, % 
0.071 -0.001 0.073 -0.167 0.094 -0.132 0.103 -0.124 0.031 





Table C.24. Continued. Whole population Pearson correlation coefficients of adductor and semitendinosus light and 
dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2





  Semitendinosus, dark
3
 
Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.056 -0.084 -0.054 -0.001 -0.121 -0.107 -0.072 -0.051 -0.092 
0.11 0.01 0.12 0.97 <0.01 <0.01 0.04 0.14 0.01 
C 17:1, % 
0.085 -0.106 -0.051 0.109 -0.259 -0.038 -0.137 -0.005 -0.184 
0.01 <0.01 0.14 <0.01 <0.0001 0.28 <0.0001 0.88 <0.0001 
C 18:0, % 
-0.052 0.001 -0.057 0.228 -0.110 0.192 -0.063 0.182 0.032 
0.14 0.97 0.10 <0.0001 <0.01 <0.0001 0.07 <0.0001 0.36 
C 18:1 n9, 
% 
0.088 0.000 0.094 -0.157 0.213 -0.042 0.156 -0.134 0.047 
0.01 0.99 0.01 <0.0001 <0.0001 0.23 <0.0001 <0.01 0.18 
C 18:2 n6, 
% 
-0.072 0.001 -0.082 0.036 -0.199 -0.102 -0.187 0.017 -0.144 
0.04 0.98 0.02 0.30 <0.0001 <0.01 <0.0001 0.63 <0.0001 
C 18:3 n6, 
% 
-0.010 -0.050 -0.092 0.115 -0.170 -0.007 -0.070 -0.010 -0.132 
0.78 0.15 0.01 <0.01 <0.0001 0.84 0.05 0.77 <0.01 
C 18:3 n3, 
% 
0.104 -0.072 -0.052 0.275 -0.262 0.091 -0.073 0.042 -0.155 
<0.01 0.04 0.13 <0.0001 <0.0001 0.01 0.04 0.23 <0.0001 
C 20:0, % 
-0.078 0.041 -0.005 0.015 0.029 0.067 -0.012 0.087 0.082 
0.02 0.23 0.88 0.67 0.41 0.05 0.73 0.01 0.02 
C 20:1 n9, 
% 
0.030 0.013 -0.006 0.121 -0.003 0.145 -0.013 0.109 0.050 
0.40 0.72 0.86 <0.01 0.93 <0.0001 0.71 <0.01 0.15 
C 20:2 n6, 
% 
-0.117 0.024 -0.076 0.021 -0.116 -0.053 -0.153 0.063 -0.036 
<0.01 0.50 0.03 0.55 <0.01 0.13 <0.0001 0.07 0.30 
C 20:3 n6, 
% 
-0.025 0.007 -0.028 -0.080 -0.048 -0.151 -0.091 -0.051 -0.117 
0.47 0.83 0.42 0.02 0.17 <0.0001 0.01 0.14 <0.01 
C 20:4 n6, 
% 
0.020 -0.016 -0.014 -0.091 -0.034 -0.157 -0.065 -0.084 -0.130 
0.57 0.64 0.68 0.01 0.33 <0.0001 0.06 0.02 <0.01 
C 20:3 n3, 
% 
0.035 -0.029 -0.044 0.129 -0.111 0.032 -0.019 0.033 -0.044 
0.31 0.40 0.21 <0.01 <0.01 0.36 0.59 0.34 0.21 
C 20:5 n3, 
% 
0.033 -0.026 -0.034 0.061 -0.047 0.009 0.018 0.014 0.025 
0.35 0.46 0.33 0.08 0.18 0.79 0.60 0.68 0.48 
C 22:0, % 
0.001 0.014 0.014 0.070 -0.083 0.022 0.001 -0.018 -0.033 





Table C.24. Continued. Whole population Pearson correlation coefficients of adductor and semitendinosus light and 
dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2





  Semitendinosus, dark
3
 
Variable L* a* b* L* a* b* L* a* b* 
C 22:1 n9, 
% 
-0.017 -0.029 -0.059 0.124 -0.065 0.088 -0.002 0.055 -0.023 
0.62 0.40 0.09 <0.01 0.06 0.01 0.95 0.11 0.50 
C 22:4 n6, 
% 
0.012 -0.024 -0.035 0.098 -0.057 0.037 -0.051 0.096 0.011 
0.74 0.50 0.31 <0.01 0.10 0.29 0.15 0.01 0.75 
C 22:5, % 
0.069 -0.088 -0.073 0.236 -0.210 0.089 -0.038 0.051 -0.099 
0.05 0.01 0.03 <0.0001 <0.0001 0.01 0.27 0.14 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 
measured on: the adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur 





Table C.25. Whole population Pearson correlation coefficients of biceps femoris, vastus lateralis, and rectus femoris 
color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2












-0.090 -0.062 -0.083 -0.032 -0.060 -0.004 -0.039 -0.064 0.041 




-0.124 0.038 -0.009 -0.063 -0.004 0.005 -0.110 0.031 0.052 




-0.067 -0.023 -0.041 -0.006 -0.028 0.015 0.027 -0.052 0.066 
0.05 0.51 0.24 0.86 0.42 0.67 0.44 0.14 0.06 
SFA 
0.045 -0.025 -0.026 0.022 -0.046 -0.049 -0.038 0.030 -0.064 
0.20 0.47 0.46 0.53 0.19 0.16 0.27 0.39 0.07 
MUFA 
0.018 0.067 0.097 -0.023 0.114 0.061 0.035 0.020 0.022 
0.60 0.05 0.01 0.50 <0.01 0.08 0.32 0.56 0.52 
PUFA 
-0.067 -0.058 -0.095 0.007 -0.097 -0.029 -0.006 -0.054 0.034 
0.05 0.09 0.01 0.83 0.01 0.41 0.86 0.12 0.32 
USFA:SFA 
-0.048 0.024 0.023 -0.025 0.048 0.047 0.039 -0.029 0.065 
0.17 0.49 0.50 0.47 0.17 0.18 0.26 0.40 0.06 
PUFA:SFA 
-0.075 -0.030 -0.059 -0.008 -0.043 0.005 0.015 -0.053 0.059 
0.03 0.38 0.09 0.83 0.21 0.89 0.67 0.13 0.09 
C 14:0, % 
0.063 -0.049 0.014 -0.026 0.047 -0.075 -0.035 0.091 -0.040 
0.07 0.16 0.69 0.45 0.18 0.03 0.32 0.01 0.25 
C 15:0, % 
0.006 -0.046 -0.042 0.022 -0.036 -0.012 0.053 -0.034 0.003 
0.86 0.18 0.22 0.52 0.30 0.73 0.13 0.32 0.93 
C 16:0, % 
0.026 -0.011 0.015 -0.031 0.005 -0.054 -0.089 0.038 -0.073 
0.46 0.75 0.66 0.38 0.88 0.12 0.01 0.27 0.03 
C 16:1, % 
0.001 -0.015 0.042 -0.052 0.079 -0.033 0.001 -0.022 -0.027 





Table C.25. Continued. Whole population Pearson correlation coefficients of biceps femoris, vastus lateralis, and 
rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.019 -0.175 -0.148 0.090 -0.101 -0.017 0.101 -0.162 -0.007 
0.58 <0.0001 <0.0001 0.01 <0.01 0.63 <0.01 <0.0001 0.83 
C 17:1, % 
0.050 -0.254 -0.228 0.106 -0.173 -0.109 0.123 -0.204 -0.079 
0.15 <0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.01 <0.0001 0.02 
C 18:0, % 
0.043 -0.018 -0.044 0.055 -0.071 -0.027 0.009 0.017 -0.036 
0.22 0.60 0.20 0.11 0.04 0.45 0.79 0.63 0.30 
C 18:1 n9, 
% 
0.017 0.083 0.108 -0.023 0.120 0.076 0.030 0.035 0.033 
0.63 0.02 <0.01 0.51 <0.01 0.03 0.38 0.32 0.34 
C 18:2 n6, 
% 
-0.074 -0.049 -0.087 0.000 -0.094 -0.025 -0.014 -0.051 0.038 
0.03 0.16 0.01 1.00 0.01 0.46 0.68 0.14 0.28 
C 18:3 n6, 
% 
-0.051 -0.009 -0.050 0.019 -0.037 -0.025 0.011 0.014 0.031 
0.14 0.79 0.15 0.59 0.29 0.48 0.76 0.69 0.37 
C 18:3 n3, 
% 
0.086 -0.220 -0.179 0.137 -0.106 -0.061 0.164 -0.102 -0.010 
0.01 <0.0001 <0.0001 <0.0001 <0.01 0.08 <0.0001 <0.01 0.78 
C 20:0, % 
-0.001 0.073 0.038 -0.041 0.018 0.019 -0.097 0.023 -0.090 
0.98 0.03 0.28 0.24 0.61 0.59 0.01 0.51 0.01 
C 20:1 n9, 
% 
0.020 0.054 0.027 -0.014 -0.016 -0.030 0.026 -0.036 -0.067 
0.57 0.12 0.43 0.68 0.64 0.39 0.46 0.30 0.05 
C 20:2 n6, 
% 
-0.105 0.056 -0.024 -0.062 -0.086 -0.043 -0.099 -0.003 -0.022 
<0.01 0.10 0.49 0.07 0.01 0.22 <0.01 0.93 0.53 
C 20:3 n6, 
% 
-0.059 -0.018 -0.045 -0.039 0.007 0.040 -0.047 -0.014 0.029 
0.09 0.60 0.19 0.26 0.84 0.25 0.17 0.70 0.40 
C 20:4 n6, 
% 
-0.048 -0.031 -0.078 0.031 0.011 0.051 0.033 -0.009 0.076 
0.16 0.37 0.02 0.37 0.76 0.14 0.35 0.79 0.03 
C 20:3 n3, 
% 
0.026 -0.073 -0.067 0.030 -0.027 -0.012 0.013 -0.009 -0.019 
0.46 0.04 0.05 0.39 0.44 0.74 0.71 0.79 0.58 
C 20:5 n3, 
% 
0.055 -0.014 0.023 0.068 -0.040 0.022 0.061 -0.003 0.044 






Table C.25. Continued. Whole population Pearson correlation coefficients of biceps femoris, vastus lateralis, and 
rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 22:0, % 
0.017 0.000 0.032 0.009 -0.007 0.011 0.006 -0.011 0.022 
0.62 0.99 0.37 0.80 0.84 0.76 0.86 0.75 0.52 
C 22:1 n9, 
% 
0.072 -0.063 -0.025 0.045 -0.073 -0.027 0.013 -0.003 -0.021 
0.04 0.07 0.47 0.19 0.04 0.43 0.72 0.94 0.55 
C 22:4 n6, 
% 
0.018 -0.023 -0.037 -0.027 0.011 -0.013 -0.043 0.041 0.010 
0.60 0.51 0.29 0.43 0.75 0.71 0.22 0.24 0.78 
C 22:5, % 
0.096 -0.140 -0.104 0.137 -0.096 -0.059 0.150 -0.091 -0.010 
0.01 <0.0001 <0.01 <0.0001 0.01 0.09 <0.0001 0.01 0.78 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 





Table C.26. Whole population Pearson correlation coefficients of ham muscle pH with iodine value and Fatty Acid Methyl Ester 
(FAME) composition
1,2























-0.098 -0.093 -0.030 -0.021 -0.045 -0.012 0.043 
<0.01 0.01 0.38 0.55 0.19 0.72 0.22 
NitFOM 
measured IV 
-0.071 -0.099 0.022 -0.017 -0.040 -0.010 0.012 
0.08 0.01 0.59 0.67 0.33 0.81 0.77 
GC measured 
IV (AOCS) 
-0.069 -0.079 -0.031 -0.023 -0.035 -0.017 0.018 
0.05 0.02 0.37 0.50 0.32 0.62 0.61 
SFA 
0.071 0.118 0.040 0.073 0.052 0.053 0.065 
0.04 <0.01 0.25 0.04 0.14 0.13 0.06 
MUFA 
-0.028 -0.091 -0.028 -0.092 -0.039 -0.063 -0.130 
0.42 0.01 0.43 0.01 0.26 0.07 <0.01 
PUFA 
-0.034 -0.001 -0.004 0.044 -0.002 0.027 0.098 
0.32 0.97 0.90 0.21 0.95 0.43 <0.01 
USFA:SFA 
-0.075 -0.120 -0.043 -0.072 -0.052 -0.052 -0.059 
0.03 <0.01 0.22 0.04 0.14 0.14 0.09 
PUFA:SFA 
-0.066 -0.067 -0.026 -0.008 -0.030 -0.008 0.038 
0.06 0.05 0.46 0.82 0.38 0.81 0.28 
C 14:0, % 
0.070 0.082 0.006 -0.004 0.064 0.048 0.051 
0.04 0.02 0.86 0.91 0.06 0.17 0.14 
C 15:0, % 
-0.026 -0.043 -0.020 -0.017 -0.008 -0.016 0.016 
0.45 0.22 0.57 0.63 0.81 0.65 0.65 
C 16:0, % 
0.024 0.045 -0.004 -0.018 0.012 0.010 0.000 
0.50 0.19 0.91 0.61 0.73 0.78 1.00 
C 16:1, % 
-0.046 -0.084 -0.044 -0.104 -0.020 -0.033 -0.055 
0.19 0.02 0.20 <0.01 0.56 0.35 0.11 
C 17:0, % 
-0.004 -0.014 0.045 0.040 0.031 0.043 0.059 
0.91 0.69 0.20 0.24 0.37 0.22 0.09 
C 17:1, % 
-0.007 -0.001 0.061 0.103 0.020 0.030 0.025 





Table C.26. Continued. Whole population Pearson correlation coefficients of ham muscle pH with iodine value and Fatty Acid Methyl 
Ester (FAME) composition
1,2


























C 18:0, % 
0.086 0.140 0.062 0.123 0.064 0.067 0.091 
0.01 <0.0001 0.07 <0.01 0.07 0.05 0.01 
C 18:1 n9, % 
-0.026 -0.089 -0.029 -0.094 -0.042 -0.067 -0.134 
0.46 0.01 0.41 0.01 0.23 0.05 <0.01 
C 18:2 n6, % 
-0.049 -0.014 -0.016 0.031 -0.014 0.017 0.092 
0.16 0.68 0.65 0.37 0.68 0.62 0.01 
C 18:3 n6, % 
-0.002 0.007 0.009 0.038 -0.008 -0.004 0.051 
0.94 0.84 0.80 0.28 0.81 0.92 0.14 
C 18:3 n3, % 
0.117 0.115 0.104 0.153 0.125 0.122 0.099 
<0.01 <0.01 <0.01 <0.0001 <0.01 <0.01 <0.01 
C 20:0, % 
-0.022 -0.004 -0.023 -0.019 -0.040 -0.009 0.022 
0.54 0.90 0.51 0.59 0.25 0.80 0.52 
C 20:1 n9, % 
0.063 0.063 0.057 0.092 0.063 0.053 0.029 
0.07 0.07 0.10 0.01 0.07 0.13 0.41 
C 20:2 n6, % 
0.008 0.046 0.025 0.065 0.021 0.044 0.103 
0.82 0.19 0.48 0.06 0.55 0.21 <0.01 
C 20:3 n6, % 
0.002 -0.008 0.012 0.021 0.014 0.025 0.060 
0.94 0.82 0.73 0.55 0.69 0.47 0.08 
C 20:4 n6, % 
-0.001 -0.057 -0.017 -0.037 -0.024 -0.018 -0.013 
0.99 0.10 0.63 0.29 0.50 0.61 0.71 
C 20:3 n3, % 
0.128 0.124 0.099 0.120 0.119 0.110 0.112 
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
C 20:5 n3, % 
-0.010 -0.009 -0.023 -0.019 -0.013 -0.019 -0.029 
0.76 0.79 0.51 0.58 0.71 0.58 0.41 
C 22:0, % 
0.000 -0.035 -0.042 -0.021 -0.051 -0.050 -0.041 
1.00 0.31 0.23 0.54 0.14 0.15 0.23 
C 22:1 n9, % 
-0.005 0.024 -0.012 0.035 0.015 0.010 -0.042 






Table C.26. Continued. Whole population Pearson correlation coefficients of ham muscle pH with iodine value and Fatty Acid Methyl 
Ester (FAME) composition
1,2


























C 22:4 n6, % 
0.082 0.120 0.084 0.110 0.086 0.103 0.117 
0.02 <0.01 0.02 <0.01 0.01 <0.01 <0.01 
C 22:5, % 
0.073 0.105 0.079 0.119 0.071 0.056 0.037 
0.04 <0.01 0.02 <0.01 0.04 0.11 0.29 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio 
of polyunsaturated fatty acids to saturated fatty acids. 
3
 Ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal face), 
semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light (medial edge of the distal 






 Table C.27. Whole population Pearson correlation coefficients of processed ham characteristics with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2
































0.148 0.162 0.060 0.160 0.061 0.158 0.040 0.144 0.141 0.018 




0.189 0.194 0.015 0.192 0.003 0.198 0.019 0.188 0.189 0.031 




0.103 0.120 0.065 0.119 0.073 0.110 0.032 0.083 0.082 -0.032 
<0.01 <0.01 0.06 <0.01 0.04 <0.01 0.36 0.02 0.02 0.37 
SFA 
0.020 0.013 -0.021 0.016 -0.009 0.011 -0.032 0.028 0.028 0.013 
0.56 0.72 0.55 0.63 0.79 0.74 0.37 0.43 0.43 0.71 
MUFA 
-0.175 -0.185 -0.051 -0.191 -0.080 -0.170 0.007 -0.164 -0.162 0.011 
<0.0001 <0.0001 0.14 <0.0001 0.02 <0.0001 0.84 <0.0001 <0.0001 0.76 
PUFA 
0.198 0.217 0.084 0.220 0.108 0.199 0.021 0.177 0.174 -0.027 
<0.0001 <0.0001 0.02 <0.0001 <0.01 <0.0001 0.54 <0.0001 <0.0001 0.45 
USFA:SFA 
-0.027 -0.021 0.018 -0.024 0.008 -0.020 0.033 -0.036 -0.036 -0.015 
0.43 0.55 0.61 0.49 0.82 0.57 0.35 0.30 0.31 0.67 
PUFA:SFA 
0.126 0.143 0.068 0.143 0.080 0.131 0.034 0.106 0.105 -0.026 
<0.01 <0.0001 0.05 <0.0001 0.02 0.00 0.33 <0.01 <0.01 0.46 
C 14:0, % 
-0.102 -0.097 0.021 -0.101 0.006 -0.106 -0.037 -0.115 -0.115 -0.079 
<0.01 0.01 0.55 <0.01 0.86 <0.01 0.29 <0.01 <0.01 0.02 
C 15:0, % 
-0.038 -0.019 0.066 -0.022 0.067 -0.021 0.043 -0.041 -0.042 -0.045 
0.27 0.58 0.06 0.53 0.05 0.55 0.22 0.24 0.23 0.20 
C 16:0, % 
-0.029 -0.042 -0.041 -0.041 -0.049 -0.031 -0.020 -0.010 -0.007 0.050 
0.41 0.23 0.23 0.23 0.16 0.38 0.56 0.78 0.84 0.16 
C 16:1, % 
-0.138 -0.126 0.038 -0.135 0.007 -0.119 0.045 -0.115 -0.112 0.052 
<0.0001 <0.01 0.28 <0.0001 0.83 <0.01 0.20 <0.01 <0.01 0.14 
C 17:0, % 
-0.144 -0.127 0.039 -0.130 0.039 -0.120 0.040 -0.113 -0.112 0.004 
<0.0001 <0.01 0.27 <0.01 0.27 <0.01 0.26 <0.01 <0.01 0.91 
C 17:1, % 
-0.142 -0.134 0.013 -0.135 0.014 -0.136 -0.010 -0.119 -0.120 0.008 





Table C.27. Continued. Whole population Pearson correlation coefficients of processed ham characteristics with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2





























C 18:0, % 
0.067 0.064 -0.004 0.070 0.020 0.054 -0.032 0.063 0.061 -0.012 
0.05 0.06 0.92 0.04 0.56 0.12 0.36 0.07 0.08 0.72 
C 18:1 n9, 
% 
-0.162 -0.175 -0.062 -0.179 -0.089 -0.159 0.002 -0.155 -0.153 0.004 
<0.0001 <0.0001 0.08 <0.0001 0.01 <0.0001 0.95 <0.0001 <0.0001 0.92 
C 18:2 n6, 
% 
0.214 0.232 0.080 0.235 0.106 0.217 0.026 0.194 0.192 -0.019 
<0.0001 <0.0001 0.02 <0.0001 <0.01 <0.0001 0.46 <0.0001 <0.0001 0.59 
C 18:3 n6, 
% 
0.079 0.067 -0.048 0.073 -0.032 0.058 -0.051 0.045 0.044 -0.077 
0.02 0.05 0.17 0.04 0.36 0.10 0.14 0.20 0.21 0.03 
C 18:3 n3, 
% 
-0.157 -0.131 0.080 -0.134 0.085 -0.170 -0.046 -0.184 -0.188 -0.136 
<0.0001 <0.01 0.02 <0.0001 0.01 <0.0001 0.19 <0.0001 <0.0001 <0.01 
C 20:0, % 
0.047 0.030 -0.054 0.035 -0.043 0.038 0.001 0.051 0.053 0.057 
0.18 0.39 0.12 0.31 0.21 0.27 0.98 0.14 0.13 0.10 
C 20:1 n9, 
% 
-0.051 -0.039 0.041 -0.039 0.049 -0.052 0.010 -0.037 -0.040 0.030 
0.14 0.26 0.24 0.25 0.15 0.13 0.78 0.29 0.26 0.39 
C 20:2 n6, 
% 
0.259 0.269 0.057 0.272 0.076 0.251 0.016 0.245 0.241 0.023 
<0.0001 <0.0001 0.10 <0.0001 0.03 <0.0001 0.64 <0.0001 <0.0001 0.51 
C 20:3 n6, 
% 
0.106 0.129 0.090 0.130 0.107 0.117 0.033 0.112 0.109 0.019 
<0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.35 <0.01 <0.01 0.59 
C 20:4 n6, 
% 
-0.003 0.015 0.056 0.014 0.063 0.014 0.038 0.003 -0.001 -0.005 
0.93 0.66 0.11 0.69 0.07 0.69 0.28 0.93 0.98 0.90 
C 20:3 n3, 
% 
-0.054 -0.034 0.065 -0.036 0.070 -0.068 -0.039 -0.070 -0.075 -0.080 
0.12 0.33 0.06 0.30 0.04 0.05 0.27 0.05 0.03 0.02 
C 20:5 n3, 
% 
0.022 0.006 -0.053 0.008 -0.057 0.005 -0.064 -0.005 -0.005 -0.078 
0.53 0.85 0.13 0.81 0.10 0.90 0.07 0.89 0.88 0.03 
C 22:0, % 
0.043 0.058 0.053 0.058 0.065 0.049 0.016 0.040 0.040 -0.004 
0.22 0.10 0.13 0.09 0.06 0.16 0.65 0.26 0.25 0.91 
C 22:1 n9, 
% 
0.063 0.063 0.002 0.066 0.015 0.055 -0.019 0.060 0.060 -0.004 






Table C.27. Continued. Whole population Pearson correlation coefficients of processed ham characteristics with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2





























C 22:4 n6, 
% 
0.091 0.110 0.068 0.112 0.094 0.098 0.031 0.098 0.093 0.032 
0.01 <0.01 0.05 <0.01 0.01 0.01 0.38 0.01 0.01 0.37 
C 22:5, % 
-0.145 -0.130 0.034 -0.131 0.037 -0.152 -0.035 -0.156 -0.160 -0.093 
<0.0001 <0.01 0.33 <0.01 0.28 <0.0001 0.32 <0.0001 <0.0001 0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table C.28. Whole population Pearson correlation coefficients of processed ham color, bind strength, and 
proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2


















0.021 -0.040 -0.095 -0.031 0.252 -0.386 0.147 0.038 




0.071 0.046 -0.085 -0.066 0.293 -0.384 0.091 -0.030 




-0.004 0.002 -0.025 -0.017 0.149 -0.287 0.166 0.088 
0.91 0.96 0.47 0.63 <0.0001 <0.0001 813.00 813.00 
SFA 
-0.117 -0.072 -0.002 0.052 -0.028 0.076 0.005 0.027 
<0.01 0.04 0.95 0.14 0.42 0.03 0.89 0.44 
MUFA 
0.205 0.112 0.042 -0.061 -0.155 0.250 -0.218 -0.152 
<0.0001 <0.01 0.24 0.09 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA 
-0.141 -0.070 -0.049 0.025 0.219 -0.383 0.265 0.162 
<0.0001 0.05 0.16 0.48 <0.0001 <0.0001 <0.0001 <0.0001 
USFA:SFA 
0.111 0.065 0.000 -0.049 0.030 -0.091 0.015 -0.011 
<0.01 0.06 0.99 0.17 0.39 0.01 0.68 0.75 
PUFA:SFA 
-0.044 -0.014 -0.040 -0.011 0.175 -0.326 0.199 0.110 
0.21 0.69 0.25 0.76 <0.0001 <0.0001 <0.0001 <0.01 
C 14:0, % 
0.109 -0.130 -0.017 0.042 -0.055 0.060 -0.005 0.013 
<0.01 <0.01 0.62 0.24 0.12 0.09 0.89 0.71 
C 15:0, % 
0.002 -0.026 -0.001 -0.005 -0.007 -0.050 0.081 0.070 
0.95 0.46 0.98 0.90 0.83 0.15 0.02 0.05 
C 16:0, % 
0.075 -0.019 -0.033 0.009 -0.019 0.129 -0.161 -0.131 
0.03 0.60 0.35 0.80 0.59 <0.01 <0.0001 0.00 
C 16:1, % 
0.302 -0.005 -0.071 -0.055 0.015 0.057 -0.201 -0.193 
<0.0001 0.89 0.04 0.12 0.67 0.10 <0.0001 <0.0001 
C 17:0, % 
-0.023 -0.061 -0.080 -0.043 0.138 -0.151 0.047 0.003 
0.51 0.08 0.02 0.23 <0.0001 <0.0001 0.18 0.94 
C 17:1, % 
-0.170 -0.201 -0.135 -0.024 0.120 -0.145 0.164 0.128 
<0.0001 <0.0001 <0.01 0.51 <0.01 <0.0001 <0.0001 0.00 
C 18:0, % 
-0.241 -0.082 0.027 0.071 -0.029 0.017 0.129 0.139 
<0.0001 0.02 0.44 0.05 0.41 0.62 0.00 <0.0001 
C 18:1 n9, 
% 
0.194 0.130 0.059 -0.058 -0.169 0.260 -0.213 -0.144 
<0.0001 <0.01 0.09 0.10 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:2 n6, 
% 
-0.134 -0.056 -0.049 0.021 0.219 -0.386 0.258 0.154 
<0.01 0.11 0.16 0.55 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
-0.110 -0.023 0.065 0.021 0.031 -0.126 0.207 0.179 






Table C.28. Continued. Whole population Pearson correlation coefficients of processed ham color, bind 
strength, and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) 
composition
1,2







Variable L* a* b* 
Moisture, 





C 18:3 n3, 
% 
-0.143 -0.240 -0.038 0.056 0.094 -0.192 0.278 0.235 
<0.0001 <0.0001 0.28 0.12 0.01 <0.0001 <0.0001 <0.0001 
C 20:0, % 
-0.038 0.030 0.004 0.030 -0.059 0.109 -0.058 -0.029 
0.28 0.39 0.92 0.41 0.09 <0.01 0.10 0.42 
C 20:1 n9, 
% 
-0.139 -0.026 0.007 0.031 -0.103 0.196 -0.067 -0.011 
<0.0001 0.46 0.84 0.39 <0.01 <0.0001 0.06 0.75 
C 20:2 n6, 
% 
-0.159 -0.002 -0.033 0.023 0.164 -0.228 0.124 0.060 
<0.0001 0.96 0.34 0.53 <0.0001 <0.0001 0.00 0.09 
C 20:3 n6, 
% 
-0.024 -0.021 -0.060 0.017 0.196 -0.248 0.067 -0.005 
0.49 0.56 0.09 0.64 <0.0001 <0.0001 0.06 0.88 
C 20:4 n6, 
% 
0.027 -0.006 -0.056 -0.014 0.182 -0.269 0.127 0.051 
0.44 0.87 0.11 0.69 <0.0001 <0.0001 0.00 0.14 
C 20:3 n3, 
% 
-0.079 -0.154 -0.027 0.045 0.068 -0.076 0.087 0.068 
0.03 <0.0001 0.44 0.21 0.05 0.03 0.01 0.05 
C 20:5 n3, 
% 
-0.010 -0.034 0.034 -0.006 -0.053 0.045 0.038 0.054 
0.77 0.34 0.34 0.87 0.13 0.20 0.28 0.12 
C 22:0, % 
-0.037 0.001 -0.020 -0.017 -0.011 -0.016 0.053 0.050 
0.29 0.98 0.57 0.63 0.76 0.64 0.13 0.15 
C 22:1 n9, 
% 
-0.141 0.033 0.045 0.000 -0.007 -0.016 0.057 0.056 
<0.0001 0.35 0.20 0.99 0.85 0.65 0.10 0.11 
C 22:4 n6, 
% 
-0.083 -0.078 -0.021 0.078 0.124 -0.094 0.036 0.008 
0.02 0.03 0.55 0.03 <0.01 0.01 0.31 0.83 
C 22:5, % 
-0.117 -0.145 0.009 0.024 -0.005 -0.029 0.165 0.165 
<0.01 <0.0001 0.79 0.51 0.89 0.40 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 
PUFA) to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids.
 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 









Table C.29. Whole population Pearson correlation coefficients of belly traits with iodine value and Fatty Acid Methyl 
Ester (FAME) composition
1,2


















-0.446 -0.631 -0.290 -0.080 -0.017 -0.563 -0.467 -0.404 -0.558 
<0.0001 <0.0001 <0.0001 <0.0001 0.31 <0.0001 <0.0001 <0.0001 <0.0001 
NitFOM 
measured IV 
-0.469 -0.627 -0.353 -0.061 0.007 -0.568 -0.456 -0.425 -0.566 
<0.0001 <0.0001 <0.0001 <0.01 0.73 <0.0001 <0.0001 <0.0001 <0.0001 
GC measured 
IV (AOCS) 
-0.450 -0.579 -0.236 -0.068 0.030 -0.512 -0.500 -0.370 -0.533 
<0.0001 <0.0001 <0.0001 0.05 0.40 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.363 0.430 0.155 -0.006 -0.102 0.367 0.356 0.271 0.384 
<0.0001 <0.0001 <0.0001 0.88 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.017 0.044 0.044 0.102 0.146 0.057 0.058 0.037 0.059 
0.63 0.21 0.21 <0.01 <0.0001 0.11 0.10 0.30 0.10 
PUFA 
-0.329 -0.472 -0.205 -0.122 -0.084 -0.426 -0.416 -0.307 -0.443 
<0.0001 <0.0001 <0.0001 <0.01 0.02 <0.0001 <0.0001 <0.0001 <0.0001 
USFA:SFA 
-0.372 -0.438 -0.168 -0.001 0.104 -0.373 -0.359 -0.277 -0.389 
<0.0001 <0.0001 <0.0001 0.97 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.443 -0.581 -0.242 -0.091 -0.009 -0.513 -0.497 -0.375 -0.535 
<0.0001 <0.0001 <0.0001 0.01 0.80 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.122 0.234 -0.042 0.086 0.191 0.211 0.177 0.118 0.197 
<0.01 <0.0001 0.23 0.02 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
C 15:0, % 
-0.213 -0.193 -0.096 -0.069 -0.004 -0.231 -0.210 -0.146 -0.228 
<0.0001 <0.0001 0.01 0.05 0.92 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:0, % 
0.361 0.406 0.132 0.100 -0.018 0.385 0.388 0.279 0.405 
<0.0001 <0.0001 <0.01 <0.01 0.60 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.137 -0.120 -0.096 0.081 0.161 -0.073 -0.051 -0.085 -0.081 
<0.0001 <0.01 0.01 0.02 <0.0001 0.04 0.15 0.02 0.02 
C 17:0, % 
-0.403 -0.375 -0.133 -0.196 -0.138 -0.397 -0.398 -0.384 -0.452 





Table C.29. Continued. Whole population Pearson correlation coefficients of belly traits with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2
















C 17:1, % 
-0.336 -0.235 -0.114 -0.336 -0.396 -0.296 -0.259 -0.318 -0.335 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:0, % 
0.280 0.337 0.141 -0.081 -0.145 0.262 0.244 0.203 0.274 
<0.0001 <0.0001 <0.0001 0.02 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, % 
0.009 0.065 0.060 0.116 0.158 0.076 0.074 0.060 0.081 
0.79 0.07 0.09 <0.01 <0.0001 0.03 0.04 0.09 0.02 
C 18:2 n6, % 
-0.313 -0.471 -0.199 -0.107 -0.087 -0.416 -0.406 -0.294 -0.431 
<0.0001 <0.0001 <0.0001 <0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:3 n6, % 
-0.103 -0.124 -0.092 -0.034 0.016 -0.158 -0.140 -0.075 -0.145 
<0.01 <0.01 0.01 0.34 0.64 <0.0001 <0.0001 0.03 <0.0001 
C 18:3 n3, % 
-0.463 -0.330 -0.229 -0.274 -0.015 -0.432 -0.440 -0.382 -0.481 
<0.0001 <0.0001 <0.0001 <0.0001 0.68 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.252 0.313 0.131 -0.021 -0.134 0.300 0.316 0.185 0.310 
<0.0001 <0.0001 <0.01 0.56 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:1 n9, % 
0.128 0.227 0.119 -0.070 -0.108 0.189 0.170 0.124 0.187 
<0.01 <0.0001 <0.01 0.05 <0.01 <0.0001 <0.0001 <0.01 <0.0001 
C 20:2 n6, % 
-0.041 -0.197 -0.059 -0.032 -0.120 -0.135 -0.123 -0.099 -0.138 
0.25 <0.0001 0.09 0.36 <0.01 <0.01 <0.01 0.01 <0.0001 
C 20:3 n6, % 
-0.305 -0.370 -0.155 -0.082 0.006 -0.343 -0.330 -0.276 -0.366 
<0.0001 <0.0001 <0.0001 0.02 0.86 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:4 n6, % 
-0.400 -0.437 -0.171 -0.153 0.043 -0.423 -0.390 -0.353 -0.449 
<0.0001 <0.0001 <0.0001 <0.0001 0.23 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n3, % 
-0.258 -0.181 -0.130 -0.113 0.060 -0.251 -0.258 -0.221 -0.280 
<0.0001 <0.0001 <0.01 <0.01 0.09 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:5 n3, % 
-0.031 0.001 -0.023 -0.048 -0.004 -0.029 0.003 -0.044 -0.027 






Table C.29. Continued. Whole population Pearson correlation coefficients of belly traits with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2
















C 22:0, % 
0.086 0.019 0.044 0.033 -0.062 0.027 0.006 0.044 0.030 
0.02 0.59 0.21 0.35 0.08 0.45 0.87 0.21 0.40 
C 22:1 n9, % 
0.056 0.065 0.021 0.003 -0.026 0.031 0.039 0.028 0.037 
0.12 0.07 0.56 0.93 0.47 0.39 0.27 0.44 0.29 
C 22:4 n6, % 
0.035 -0.033 0.033 -0.005 0.026 -0.024 -0.051 -0.026 -0.038 
0.32 0.35 0.36 0.89 0.47 0.50 0.15 0.46 0.28 
C 22:5, % 
-0.175 -0.085 -0.105 -0.163 -0.044 -0.140 -0.161 -0.135 -0.167 
<0.0001 0.02 <0.01 <0.0001 0.22 <0.0001 <0.0001 <0.01 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA 
= polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. 
PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop 
scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score 
of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a 







PEARSON CORRELATION COEFFICIENTS OF LEAN PRODUCTION FOCUS 
POPULATION USED IN CHAPTERS 3, 4, & 5 
Table D.1. Lean production focus population Pearson 
















0.825 0.568 0.032 -0.482 





0.439 0.603 -0.004 -0.527 
<0.0001 <0.0001 0.88 <0.0001 
Length 
0.508 0.214 0.006 -0.186 
<0.0001 <0.0001 0.82 <0.0001 
Width 
0.273 0.059 0.102 -0.011 
<0.0001 0.02 <0.0001 0.66 
Scribe 
-0.150 -0.157 0.082 0.170 
<0.0001 <0.0001 <0.01 <0.0001 
Depth, 
25% 
0.446 0.556 0.019 -0.476 
<0.0001 <0.0001 0.44 <0.0001 
Depth, 
50% 
0.414 0.491 0.026 -0.417 
<0.0001 <0.0001 0.29 <0.0001 
Depth, 
75% 
0.409 0.376 0.014 -0.322 
<0.0001 <0.0001 0.57 <0.0001 
Average 
Depth 
0.505 0.569 0.023 -0.487 
<0.0001 <0.0001 0.35 <0.0001 
1 
Upper row is the correlation coefficient between traits. 
P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) 
in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 
0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 
2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 
score of 4 was 20.1 to 25 cm and a score of 5 was greater 





Table D.2. Lean production focus population Pearson 














 Loin Weight 
0.703 0.434 0.204 -0.304 
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 min  
-0.134 -0.139 0.223 0.210 
0.01 0.01 <0.0001 <0.0001 
pH, 1 d 
0.017 0.150 -0.119 -0.180 
0.45 <0.0001 <0.0001 <0.0001 
pH, 20 d 
0.099 0.390 -0.168 -0.415 
0.05 <0.0001 <0.01 <0.0001 
Color, 1 d 
0.089 0.159 -0.138 -0.194 
<0.0001 <0.0001 <0.0001 <0.0001 
Marbling, 1 d 
-0.024 0.193 -0.080 -0.199 
0.16 <0.0001 <0.0001 <0.0001 
Firmness, 1 d 
0.244 0.220 0.120 -0.147 
<0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.109 0.154 -0.029 -0.148 
0.03 <0.01 0.58 <0.01 
Marbling, 20 d 
0.101 0.375 -0.102 -0.376 
0.04 <0.0001 0.05 <0.0001 
Firmness, 20 d 
0.130 0.049 0.028 -0.035 




   
     L* 
0.077 0.124 -0.007 -0.111 
<0.01 <0.0001 0.77 <0.0001 
     a* 
-0.027 0.106 0.054 -0.071 
0.25 <0.0001 0.02 <0.01 
     b* 
0.229 0.325 -0.026 -0.294 




   
     L* 
-0.039 -0.058 0.068 0.076 
0.44 0.26 0.19 0.14 
     a* 
-0.165 -0.154 -0.023 0.132 
<0.01 <0.01 0.65 0.01 
     b* 
0.018 0.003 -0.036 -0.016 






Table D.2. Continued. Lean production focus population 














Purge loss, 20 
d 
-0.219 -0.353 0.040 0.328 
<0.0001 <0.0001 0.45 <0.0001 
Cook loss, 21 
d 
-0.302 -0.410 0.078 0.396 




-0.352 -0.446 0.049 0.418 
<0.0001 <0.0001 0.34 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates 
a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* 
value indicates a more yellow color). Instrumental loin color 
determined as the average of 2 measurements on the ventral 
surface of the loin. 
3 





Table D.3. Lean production focus population Pearson correlation 












Weight, 1 d 
0.856 0.215 0.206 -0.109 
<0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.820 0.238 0.158 -0.152 
<0.0001 <0.0001 <0.01 <0.01 
Post-trim weight 
0.742 0.038 0.187 0.040 
<0.0001 0.45 <0.01 0.44 
Inside weight 
0.546 -0.114 0.292 0.217 
<0.0001 0.03 <0.0001 <0.0001 
Outside weight 
0.427 -0.197 0.196 0.256 
<0.0001 <0.01 <0.01 <0.0001 
Knuckle weight 
0.453 -0.110 0.199 0.178 
<0.0001 0.03 <0.0001 <0.01 
Shank weight 
0.436 -0.031 0.204 0.107 
<0.0001 0.55 <0.0001 0.04 
Lite butt weight 
0.042 -0.126 0.050 0.137 
0.40 0.01 0.33 0.01 
Gluteus profundus 
    
     L* 
-0.190 -0.232 0.035 0.218 
<0.0001 <0.0001 0.05 <0.0001 
     a* 
0.081 0.059 0.017 -0.046 
<0.0001 0.00 0.33 0.01 
     b* 
-0.081 -0.089 0.005 0.081 
<0.0001 <0.0001 0.78 <0.0001 
Gluteus medius 
 
   
     L* 
-0.063 -0.163 0.077 0.175 
<0.01 <0.0001 <0.0001 <0.0001 
     a* 
-0.050 -0.033 0.103 0.069 
<0.01 0.06 <0.0001 <0.0001 
     b* 
-0.012 -0.025 0.026 0.033 
0.50 0.16 0.14 0.06 
Semimembranosus  
   
     L* 
0.012 -0.060 0.033 0.070 
0.81 0.24 0.52 0.17 
     a* 
0.064 -0.012 0.014 0.015 
0.20 0.82 0.78 0.76 
     b* 
-0.022 -0.107 0.015 0.106 





Table D.3. Continued. Lean production focus population Pearson 














   
     L* 
-0.039 -0.071 -0.009 0.056 
0.44 0.17 0.87 0.28 
     a* 
-0.101 -0.044 -0.071 0.011 
0.04 0.40 0.17 0.83 
     b* 
-0.166 -0.155 -0.056 0.115 
<0.01 <0.01 0.28 0.03 
Semitendinosus, light  
   
     L* 
0.245 0.281 -0.187 -0.328 
<0.0001 <0.0001 <0.01 <0.0001 
     a* 
-0.152 -0.023 0.128 0.069 
<0.01 0.66 0.01 0.18 
     b* 
0.182 0.307 -0.087 -0.314 
<0.01 <0.0001 0.09 <0.0001 
Semitendinosus, dark  
   
     L* 
-0.157 -0.006 0.039 0.021 
<0.01 0.90 0.45 0.69 
     a* 
0.214 0.172 -0.016 -0.162 
<0.0001 <0.01 0.75 <0.01 
     b* 
-0.005 0.102 0.107 -0.051 
0.92 0.05 0.04 0.32 
Biceps femoris 
  
     L* 
0.142 0.066 0.115 -0.013 
<0.01 0.20 0.02 0.80 
     a* 
-0.090 -0.122 -0.008 0.099 
0.07 0.02 0.88 0.05 
     b* 
0.018 -0.084 0.117 0.115 
0.72 0.10 0.02 0.03 
Vastus lateralis 
  
     L* 
0.008 -0.069 -0.018 0.056 
0.87 0.18 0.73 0.28 
     a* 
-0.068 -0.013 -0.029 0.001 
0.17 0.80 0.57 0.99 
     b* 
-0.040 -0.152 0.121 0.185 
0.42 <0.01 0.02 <0.01 
Rectus femoris 
 
     L* 
0.016 -0.107 -0.029 0.087 
0.75 0.04 0.57 0.09 
     a* 
0.055 0.146 0.009 -0.127 
0.27 <0.01 0.86 0.01 
     b* 
0.116 -0.128 0.074 0.145 





Table D.3. Continued. Lean production focus population Pearson 














   
     Semimembranosus 
0.085 0.155 -0.120 -0.189 
0.09 <0.01 0.02 <0.01 
     Adductor 
0.141 0.214 -0.150 -0.252 
<0.01 <0.0001 <0.01 <0.0001 
     Semitendinosus, light  
0.096 0.096 -0.122 -0.136 
0.05 0.06 0.02 0.01 
     Semitendinosus, dark 
0.181 0.133 -0.151 -0.179 
<0.01 0.01 <0.01 <0.01 
     Biceps femoris 
0.072 0.143 -0.116 -0.175 
0.15 0.01 0.02 <0.01 
     Vastus lateralis 
0.086 0.123 -0.098 -0.151 
0.09 0.02 0.06 <0.01 
     Rectus femoris 
0.047 0.107 -0.089 -0.133 
0.35 0.04 0.08 0.01 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter 
color); a* measures redness (greater a* value indicates a redder color); 
b* measures yellowness (greater b* value indicates a more yellow color); 
Instrumental color on fresh muscle was determined on one measure per 
muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), 
semitendinosus dark portion (proximal edge where the head of the femur 
was removed, semitendinosus light (medial edge of the distal end), 
biceps femoris (medial side), vastus lateralis (proximal edge), and rectus 





Table D.4. Lean production focus population Pearson correlation 















0.548 -0.132 0.239 0.214 
<0.0001 0.01 <0.0001 <0.0001 
Pumped weight 
0.520 -0.130 0.268 0.222 
<0.0001 0.01 <0.0001 <0.0001 
Pump percent 
-0.017 -0.021 0.133 0.069 
0.74 0.68 0.01 0.18 
30 minute drained 
weight 
0.529 -0.129 0.262 0.219 
<0.0001 0.01 <0.0001 <0.0001 
Pump retention 
0.008 -0.017 0.129 0.063 
0.87 0.73 0.01 0.22 
Stuffed weight 
0.521 -0.178 0.269 0.264 
<0.0001 <0.01 <0.0001 <0.0001 
Stuffed yield 
-0.084 -0.151 0.089 0.168 
0.10 <0.01 0.09 <0.01 
Casing on cooked 
weight 
0.506 -0.150 0.249 0.231 
<0.0001 <0.01 <0.0001 <0.0001 
Casing off cooked 
weight 
0.505 -0.155 0.248 0.234 
<0.0001 <0.01 <0.0001 <0.0001 
Cooked yield 
-0.013 -0.093 0.069 0.109 




    
     L* 
-0.154 -0.084 0.122 0.126 
<0.01 0.11 0.02 0.02 
     a* 
-0.180 -0.141 0.110 0.167 
<0.01 0.01 0.04 <0.01 
     b* 
-0.014 -0.047 0.013 0.048 
0.78 0.37 0.80 0.36 
Bind Strength 
0.048 0.045 -0.013 -0.044 






Table D.4. Continued. Lean production focus population Pearson 
correlation coefficients of carcass composition with ham 














   
     Moisture, % 
-0.074 -0.071 -0.029 0.051 
0.14 0.17 0.57 0.33 
     Lipid, % 
0.062 0.129 -0.040 -0.136 
0.22 0.01 0.45 0.01 
     Protein, % 
0.136 0.090 -0.039 -0.089 
0.01 0.08 0.46 0.09 
     PFF
3 
0.152 0.124 -0.049 -0.125 
<0.01 0.02 0.35 0.02 
1 
Upper row is the correlation coefficient between traits. P-value 
for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a 
lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value indicates 
a more yellow color). Instrumental color was determined on ham 
steaks as the average of 4 measurements. 
3


























0.425 0.092 0.524 0.399 -0.123 0.598 0.533 0.503 0.651 
<0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 
min  
-0.167 -0.179 -0.167 0.064 0.171 -0.100 -0.082 -0.131 -0.125 
<0.01 <0.01 <0.01 0.22 <0.01 0.05 0.12 0.01 0.02 
pH, 1 d 
0.071 0.110 0.203 -0.135 -0.137 0.056 0.047 0.000 0.042 
<0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.02 0.06 1.00 0.09 
pH, 20 d 
0.185 0.203 0.112 -0.014 0.093 0.189 0.125 0.120 0.179 
<0.01 <0.0001 0.03 0.79 0.07 <0.01 0.01 0.02 <0.01 
Color, 1 
d 
0.104 0.115 0.123 -0.093 -0.183 0.081 0.065 0.069 0.087 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.01 0.01 0.01 <0.01 
Marbling, 
1 d 
0.201 0.070 0.031 0.070 0.087 0.156 0.087 0.073 0.131 
<0.0001 <0.01 0.20 <0.01 <0.01 <0.0001 <0.01 <0.01 <0.0001 
Firmness, 
1 d 
0.236 0.166 -0.020 0.061 0.006 0.182 0.149 0.108 0.179 
<0.0001 <0.0001 0.40 0.01 0.81 <0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 
d 
0.102 0.126 0.200 -0.025 -0.018 0.052 0.116 0.004 0.066 
0.05 0.01 <0.0001 0.63 0.73 0.31 0.02 0.94 0.20 
Marbling, 
20 d 
0.309 0.242 0.102 0.062 0.112 0.307 0.250 0.178 0.300 
<0.0001 <0.0001 0.05 0.23 0.03 <0.0001 <0.0001 <0.01 <0.0001 
Firmness, 
20 d 
0.048 0.091 0.012 0.147 0.039 0.121 0.129 -0.022 0.093 




         
     L* 
0.143 0.125 0.055 0.010 0.012 0.145 0.090 0.110 0.139 
<0.0001 <0.0001 0.02 0.67 0.61 <0.0001 <0.01 <0.0001 <0.0001 
     a* 
0.062 -0.007 -0.079 0.060 0.011 0.066 0.094 0.077 0.093 
0.01 0.77 <0.01 0.02 0.67 0.01 <0.01 <0.01 <0.01 
     b* 
0.286 0.284 0.161 -0.024 -0.044 0.298 0.225 0.248 0.309 




























         
     L* 
-0.031 -0.039 -0.154 0.062 -0.010 0.016 0.004 0.064 0.034 
0.55 0.45 <0.01 0.22 0.84 0.75 0.93 0.21 0.51 
     a* 
-0.234 -0.206 -0.146 0.091 0.066 -0.126 -0.082 -0.087 -0.121 
<0.0001 <0.0001 <0.01 0.08 0.20 0.01 0.11 0.09 0.02 
     b* 
-0.036 0.010 -0.078 0.054 -0.007 0.050 0.020 0.101 0.069 
0.48 0.85 0.13 0.29 0.90 0.33 0.70 0.05 0.17 
Purge 
loss, 20 d 
-0.282 -0.291 -0.237 0.105 0.039 -0.159 -0.179 -0.229 -0.225 
<0.0001 <0.0001 <0.0001 0.04 0.45 <0.01 <0.01 <0.0001 <0.0001 
Cook 
loss, 21 d 
-0.299 -0.388 -0.290 0.092 0.100 -0.250 -0.190 -0.234 -0.274 




-0.408 -0.361 -0.234 0.144 0.181 -0.308 -0.300 -0.325 -0.375 
<0.0001 <0.0001 <0.0001 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 
cm, a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 
20.1 to 25 cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Loin color was 
determined as the average of 2 measurements on the ventral surface of the loin.  
4























Ham Weight, 1 d 
0.619 0.283 0.299 0.238 -0.101 0.281 0.292 0.285 0.340 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.603 0.323 0.293 0.252 -0.100 0.285 0.296 0.233 0.324 
<0.0001 <0.0001 <0.0001 <0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 
Post-trim weight 
0.450 0.158 0.276 0.212 -0.057 0.127 0.143 0.117 0.153 
<0.0001 <0.01 <0.0001 <0.0001 0.26 0.01 0.01 0.02 <0.01 
Inside weight 
0.267 0.028 0.265 0.134 -0.096 0.023 0.018 0.052 0.037 
<0.0001 0.59 <0.0001 0.01 0.06 0.66 0.72 0.31 0.47 
Outside weight 
0.188 -0.034 0.159 0.151 -0.045 -0.035 -0.009 0.003 -0.018 
<0.01 0.50 <0.01 <0.01 0.38 0.50 0.87 0.96 0.72 
Knuckle weight 
0.188 0.054 0.169 0.070 -0.035 -0.027 0.018 0.004 -0.005 
<0.01 0.29 <0.01 0.17 0.49 0.60 0.72 0.93 0.93 
Shank weight 
0.213 -0.037 0.226 0.090 -0.049 -0.030 -0.008 0.006 -0.015 
<0.0001 0.47 <0.0001 0.08 0.34 0.56 0.88 0.91 0.78 
Lite butt weight 
-0.020 -0.119 -0.125 0.122 0.023 -0.103 -0.073 -0.115 -0.117 
0.70 0.02 0.01 0.02 0.66 0.04 0.15 0.02 0.02 
Gluteus profundus 
         
     L* 
-0.161 -0.141 -0.138 0.104 0.268 -0.107 -0.093 -0.059 -0.106 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.02 <0.0001 
     a* 
0.047 0.064 0.047 -0.025 -0.050 0.043 0.039 0.069 0.059 
0.06 0.01 0.06 0.31 0.04 0.08 0.12 0.01 0.02 
     b* 
-0.080 -0.073 -0.083 0.060 0.102 -0.052 -0.033 -0.005 -0.037 
<0.01 <0.01 <0.01 0.02 <0.0001 0.04 0.18 0.85 0.13 
Gluteus medius 
         
     L* 
-0.072 -0.057 -0.167 0.125 0.224 -0.040 -0.026 0.015 -0.023 
<0.01 0.02 <0.0001 <0.0001 <0.0001 0.10 0.29 0.54 0.36 
     a* 
-0.052 0.004 0.011 0.095 0.145 0.002 -0.017 -0.012 -0.010 
0.04 0.87 0.67 <0.01 <0.0001 0.94 0.48 0.62 0.70 
     b* 
0.007 0.010 -0.028 0.086 0.078 0.008 0.007 0.019 0.013 

























         
     L* 
0.009 -0.031 -0.024 -0.024 -0.064 -0.014 -0.004 0.059 0.015 
0.86 0.54 0.65 0.65 0.21 0.78 0.94 0.25 0.77 
     a* 
0.033 0.026 0.009 0.096 0.035 -0.013 0.078 0.068 0.046 
0.51 0.61 0.86 0.06 0.50 0.79 0.13 0.18 0.37 
     b* 
-0.071 -0.022 -0.079 0.018 -0.016 -0.040 0.009 0.039 -0.001 
0.17 0.67 0.12 0.72 0.75 0.44 0.86 0.45 0.99 
Adductor 
         
     L* 
-0.045 -0.017 -0.122 0.012 -0.019 0.020 -0.005 -0.011 0.003 
0.38 0.74 0.02 0.82 0.71 0.70 0.91 0.83 0.95 
     a* 
-0.166 -0.122 -0.085 -0.064 0.031 -0.125 -0.050 -0.047 -0.094 
<0.01 0.02 0.10 0.21 0.55 0.01 0.33 0.36 0.07 
     b* 
-0.208 -0.133 -0.198 -0.045 -0.003 -0.135 -0.091 -0.118 -0.140 
<0.0001 0.01 <0.0001 0.38 0.96 0.01 0.07 0.02 0.01 
Semitendinosus, light 
        
     L* 
0.304 0.239 0.176 -0.020 -0.144 0.238 0.163 0.248 0.262 
<0.0001 <0.0001 <0.01 0.69 <0.01 <0.0001 <0.01 <0.0001 <0.0001 
     a* 
-0.135 -0.071 -0.112 0.044 0.151 -0.042 0.023 -0.059 -0.035 
0.01 0.17 0.03 0.39 <0.01 0.41 0.65 0.25 0.49 
     b* 
0.239 0.237 0.140 0.004 -0.074 0.224 0.188 0.208 0.249 
<0.0001 <0.0001 0.01 0.93 0.15 <0.0001 <0.01 <0.0001 <0.0001 
Semitendinosus, dark 
        
     L* 
-0.081 -0.051 -0.141 0.021 0.120 -0.051 -0.048 0.013 -0.035 
0.11 0.32 0.01 0.69 0.02 0.32 0.35 0.80 0.49 
     a* 
0.200 0.198 0.114 0.010 -0.072 0.177 0.145 0.126 0.181 
<0.0001 <0.0001 0.03 0.84 0.16 <0.01 <0.01 0.01 <0.01 
     b* 
0.057 0.103 -0.064 0.082 0.032 0.065 0.053 0.064 0.073 

























         
     L* 
0.106 0.046 0.037 0.078 -0.087 0.053 0.049 0.112 0.084 
0.04 0.37 0.46 0.13 0.09 0.30 0.34 0.03 0.10 
     a* 
-0.029 0.003 -0.100 0.122 0.133 0.019 0.040 0.092 0.057 
0.57 0.96 0.05 0.02 0.01 0.72 0.44 0.07 0.26 
     b* 
0.007 0.013 -0.095 0.166 0.095 0.033 0.027 0.131 0.075 
0.89 0.80 0.06 <0.01 0.06 0.52 0.60 0.01 0.14 
Vastus lateralis 
         
     L* 
-0.004 -0.007 -0.079 0.066 0.017 -0.026 -0.016 -0.053 -0.038 
0.94 0.89 0.12 0.20 0.74 0.61 0.76 0.30 0.46 
     a* 
-0.056 -0.041 -0.014 0.030 0.017 0.021 0.047 -0.006 0.024 
0.28 0.42 0.78 0.56 0.73 0.69 0.35 0.91 0.65 
     b* 
-0.087 -0.055 0.013 -0.023 -0.047 -0.082 -0.026 -0.052 -0.068 
0.09 0.28 0.80 0.65 0.36 0.11 0.61 0.31 0.19 
Rectus femoris 
         
     L* 
0.024 0.014 0.012 -0.069 -0.149 0.013 0.022 0.033 0.026 
0.64 0.79 0.82 0.18 <0.01 0.80 0.66 0.52 0.61 
     a* 
0.042 0.060 -0.037 0.110 0.085 0.065 0.071 0.050 0.074 
0.41 0.24 0.47 0.03 0.09 0.21 0.16 0.33 0.15 
     b* 
0.017 -0.035 0.134 -0.059 -0.174 -0.057 -0.008 -0.030 -0.041 


























              
Semimembranosus 
0.111 0.031 0.087 0.029 0.094 0.018 0.010 0.040 0.027 
0.03 0.55 0.09 0.57 0.07 0.73 0.84 0.43 0.60 
     Adductor 
0.172 0.087 0.139 -0.007 0.050 0.060 0.039 0.075 0.070 
<0.01 0.09 0.01 0.90 0.33 0.24 0.45 0.14 0.17 
     Semitendinosus, 
light  
0.083 0.012 0.089 -0.007 0.042 0.013 0.035 -0.004 0.017 
0.11 0.81 0.08 0.89 0.41 0.79 0.50 0.94 0.74 
     Semitendinosus, 
dark 
0.166 0.073 0.184 -0.038 0.006 0.067 0.077 0.038 0.072 
<0.01 0.16 <0.01 0.46 0.91 0.19 0.13 0.46 0.16 
     Biceps femoris 
0.103 0.052 0.075 -0.003 0.090 0.042 0.028 0.020 0.037 
0.04 0.31 0.14 0.95 0.08 0.41 0.59 0.70 0.47 
     Vastus lateralis 
0.088 0.053 0.113 -0.012 0.056 0.007 0.010 0.014 0.012 
0.09 0.30 0.03 0.81 0.28 0.90 0.85 0.78 0.82 
     Rectus femoris 
0.057 0.059 0.129 -0.094 0.018 0.022 0.004 -0.003 0.011 
0.26 0.25 0.01 0.07 0.72 0.66 0.93 0.96 0.83 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below. 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh muscle was 
determined on one measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus (blonde 
spot, medial side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 
and rectus femoris (proximal face). 
3 
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop 
scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 
was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a score of 5 

























0.272 0.047 0.247 0.107 -0.077 0.012 0.035 0.074 0.046 
<0.0001 0.36 <0.0001 0.04 0.13 0.82 0.50 0.15 0.37 
Pumped 
weight 
0.265 0.048 0.252 0.086 -0.075 0.014 0.026 0.082 0.047 
<0.0001 0.35 <0.0001 0.09 0.14 0.79 0.61 0.11 0.36 
Pump 
percent 
0.009 0.009 0.052 -0.061 -0.001 0.006 -0.023 0.033 0.008 




0.270 0.053 0.263 0.079 -0.083 0.015 0.031 0.083 0.049 
<0.0001 0.31 <0.0001 0.12 0.10 0.77 0.54 0.10 0.34 
Pump 
retention 
0.028 0.028 0.098 -0.099 -0.031 0.011 -0.008 0.045 0.020 
0.59 0.58 0.06 0.05 0.54 0.83 0.88 0.38 0.70 
Stuffed 
weight 
0.246 0.028 0.235 0.089 -0.094 -0.016 0.022 0.049 0.019 
<0.0001 0.59 <0.0001 0.09 0.07 0.76 0.66 0.34 0.71 
Stuffed 
yield 
-0.109 -0.101 -0.030 -0.044 0.013 -0.090 -0.077 -0.079 -0.099 




0.245 0.017 0.244 0.077 -0.106 -0.019 0.016 0.027 0.007 




0.244 0.022 0.241 0.075 -0.109 -0.014 0.018 0.033 0.012 
<0.0001 0.67 <0.0001 0.15 0.04 0.79 0.72 0.53 0.81 
Cooked 
yield 
-0.035 -0.095 0.047 -0.061 -0.057 -0.066 -0.060 -0.095 -0.087 




         
     L* 
-0.143 -0.144 -0.252 0.228 0.285 -0.048 -0.094 -0.168 -0.119 
0.01 0.01 <0.0001 <0.0001 <0.0001 0.36 0.07 <0.01 0.02 
     a* 
-0.136 -0.094 -0.047 0.006 0.036 -0.098 -0.014 0.024 -0.042 
0.01 0.07 0.37 0.91 0.48 0.06 0.79 0.64 0.42 
     b* 
0.006 0.062 -0.046 0.046 0.000 0.039 0.079 0.047 0.063 
0.91 0.23 0.38 0.38 1.00 0.45 0.13 0.36 0.22 
Bind 
strength 
0.047 0.030 0.049 -0.039 0.004 0.053 0.079 0.096 0.089 





Table D.7. Continued. Lean production focus population Pearson correlation coefficients of belly quality traits with 



















            Moisture, 
% 
-0.089 -0.137 0.025 -0.066 -0.016 -0.157 -0.147 -0.083 -0.156 
0.08 0.01 0.63 0.20 0.76 <0.01 <0.01 0.11 <0.01 
     Lipid, % 
0.179 0.189 0.012 0.150 0.078 0.173 0.171 0.155 0.199 
<0.01 <0.01 0.81 <0.01 0.13 <0.01 <0.01 <0.01 <0.01 
    Protein, 
% 
0.021 0.071 0.034 -0.130 -0.168 0.077 0.041 -0.018 0.043 
0.68 0.17 0.51 0.01 <0.01 0.14 0.43 0.73 0.41 
    PFF
4 
0.067 0.121 0.037 -0.094 -0.150 0.122 0.086 0.021 0.095 
0.20 0.02 0.48 0.07 <0.01 0.02 0.10 0.68 0.07 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 
cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
was determined on ham steaks as the average of 4 measurements. 
4






Table D.8. Lean production focus population Pearson correlation coefficients of loin weight, pH, water 















Ham Weight, 1 d 
0.655 -0.130 -0.007 0.020 -0.112 -0.195 -0.240 
<0.0001 0.01 0.77 0.70 0.03 <0.0001 <0.0001 
Pre-trim weight 
0.598 -0.102 0.003 0.030 -0.151 -0.202 -0.245 
<0.0001 0.05 0.96 0.56 <0.01 <0.0001 <0.0001 
Post-trim weight 
0.646 -0.084 0.019 -0.006 -0.073 -0.146 -0.179 
<0.0001 0.10 0.71 0.90 0.15 <0.01 <0.01 
Inside weight 
0.599 -0.069 -0.012 -0.119 0.070 -0.036 -0.098 
<0.0001 0.18 0.82 0.02 0.17 0.48 0.05 
Outside weight 
0.434 -0.023 -0.016 -0.158 0.183 0.060 0.070 
<0.0001 0.66 0.75 <0.01 <0.01 0.23 0.17 
Knuckle weight 
0.478 -0.036 0.075 -0.102 -0.021 -0.047 -0.076 
<0.0001 0.48 0.14 0.04 0.68 0.36 0.13 
Shank weight 
0.405 0.025 -0.041 -0.095 0.024 0.031 0.001 
<0.0001 0.63 0.41 0.06 0.64 0.54 0.99 
Lite butt weight 
0.101 0.077 -0.116 -0.198 0.143 0.183 0.165 
0.05 0.13 0.02 <0.0001 <0.01 <0.01 <0.01 
Gluteus profundus 
       
     L* 
-0.105 0.127 -0.239 -0.146 0.182 0.231 0.185 
<0.0001 0.01 <0.0001 <0.01 <0.01 <0.0001 <0.01 
     a* 
0.082 -0.049 -0.077 -0.062 -0.101 -0.063 -0.051 
<0.01 0.34 <0.01 0.23 0.05 0.22 0.32 
     b* 
-0.025 0.244 -0.190 -0.078 0.209 0.212 0.291 
0.29 <0.0001 <0.0001 0.13 <0.0001 <0.0001 <0.0001 
Gluteus medius 
       
     L* 
0.003 0.019 -0.374 -0.225 0.136 0.231 0.091 
0.92 0.72 <0.0001 <0.0001 0.01 <0.0001 0.08 
     a* 
-0.067 0.017 -0.111 -0.052 0.003 0.018 0.039 
<0.01 0.75 <0.0001 0.32 0.96 0.73 0.45 
     b* 
-0.012 0.058 -0.214 -0.045 0.093 0.150 0.127 
0.61 0.27 <0.0001 0.39 0.07 <0.01 0.01 
Semimembranosus 
       
     L* 
0.008 -0.034 -0.323 -0.224 0.215 0.215 0.069 
0.88 0.51 <0.0001 <0.0001 <0.0001 <0.0001 0.18 
     a* 
0.114 -0.090 -0.149 -0.108 0.052 0.090 0.029 
0.02 0.08 <0.01 0.03 0.31 0.07 0.56 
     b* 
0.053 -0.011 -0.276 -0.284 0.229 0.224 0.095 
0.30 0.84 <0.0001 <0.0001 <0.0001 <0.0001 0.06 
Adductor 
       
     L* 
-0.041 0.044 -0.267 -0.252 0.275 0.289 0.124 
0.42 0.39 <0.0001 <0.0001 <0.0001 <0.0001 0.01 
     a* 
-0.037 0.030 -0.106 -0.078 0.126 0.145 0.085 
0.46 0.55 0.04 0.12 0.01 <0.01 0.09 
     b* 
-0.098 0.114 -0.263 -0.255 0.332 0.342 0.208 





Table D.8. Continued. Lean production focus population Pearson correlation coefficients of loin weight, 

















       
     L* 
0.084 -0.227 -0.025 0.091 -0.188 -0.189 -0.272 
0.10 <0.0001 0.63 0.07 <0.01 <0.01 <0.0001 
     a* 
-0.108 0.150 -0.022 -0.010 0.079 0.101 0.152 
0.03 <0.01 0.66 0.84 0.12 0.05 <0.01 
     b* 
0.038 -0.090 0.011 0.100 -0.204 -0.168 -0.217 
0.45 0.08 0.83 0.05 <0.0001 <0.01 <0.0001 
Semitendinosus, dark 
       
     L* 
-0.176 0.138 -0.137 -0.080 0.156 0.167 0.153 
<0.01 0.01 0.01 0.11 <0.01 <0.01 <0.01 
     a* 
0.155 -0.167 0.000 0.093 -0.124 -0.165 -0.193 
<0.01 <0.01 1.00 0.07 0.02 <0.01 <0.01 
     b* 
-0.055 0.041 -0.136 -0.036 0.078 0.061 0.030 
0.27 0.42 0.01 0.47 0.13 0.23 0.56 
Biceps femoris 
       
     L* 
0.116 -0.036 -0.323 -0.208 0.159 0.268 0.057 
0.02 0.48 <0.0001 <0.0001 <0.01 <0.0001 0.26 
     a* 
-0.085 -0.051 -0.225 -0.223 0.266 0.209 0.162 
0.09 0.32 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     b* 
0.029 -0.022 -0.396 -0.331 0.338 0.377 0.205 
0.57 0.67 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Vastus lateralis 
       
     L* 
0.062 0.053 -0.236 -0.206 0.159 0.228 0.059 
0.22 0.30 <0.0001 <0.0001 <0.01 <0.0001 0.24 
     a* 
-0.076 0.066 -0.072 -0.020 0.096 0.102 0.082 
0.13 0.20 0.15 0.69 0.06 0.04 0.10 
     b* 
0.039 0.124 -0.128 -0.173 0.121 0.198 0.105 
0.44 0.01 0.01 <0.01 0.02 <0.0001 0.04 
Rectus femoris 
       
     L* 
-0.019 0.002 -0.228 -0.253 0.209 0.250 0.070 
0.71 0.97 <0.0001 <0.0001 <0.0001 <0.0001 0.17 
     a* 
0.053 -0.050 -0.086 0.072 0.014 -0.002 -0.046 
0.30 0.33 0.09 0.16 0.79 0.97 0.36 
     b* 
0.133 0.046 -0.153 -0.186 0.168 0.160 0.048 






Table D.8. Continued. Lean production focus population Pearson correlation coefficients of loin weight, 

















            
Semimembranosus 
-0.003 -0.032 0.348 0.436 -0.331 -0.405 -0.204 
0.95 0.53 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Adductor 
0.045 -0.113 0.397 0.471 -0.440 -0.498 -0.302 
0.37 0.03 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
0.029 -0.078 0.390 0.397 -0.308 -0.423 -0.187 
0.57 0.13 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     Semitendinosus, 
dark 
0.094 -0.153 0.407 0.400 -0.374 -0.457 -0.275 
0.06 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.014 -0.041 0.365 0.439 -0.341 -0.422 -0.191 
0.78 0.42 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     Vastus lateralis 
0.032 -0.080 0.310 0.382 -0.337 -0.388 -0.172 
0.52 0.12 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     Rectus femoris 
-0.035 -0.087 0.235 0.299 -0.324 -0.316 -0.146 
0.49 0.09 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color on fresh muscle was determined on one measure per muscle. 
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus 
lateralis (proximal edge), and rectus femoris (proximal face). 
3





Table D.9. Lean production focus population Pearson correlation coefficients of subjective 
















Ham Weight, 1 d 
0.059 -0.110 0.215 0.061 -0.035 0.141 
<0.01 <0.0001 <0.0001 0.23 0.49 <0.01 
Pre-trim weight 
0.029 -0.070 0.157 0.059 -0.031 0.149 
0.56 0.16 <0.01 0.25 0.54 <0.01 
Post-trim weight 
0.019 -0.130 0.135 0.040 -0.143 0.132 
0.71 0.01 0.01 0.43 <0.01 0.01 
Inside weight 
-0.052 -0.216 0.119 0.079 -0.231 0.081 
0.31 <0.0001 0.02 0.12 <0.0001 0.11 
Outside weight 
-0.013 -0.177 0.087 0.103 -0.196 0.095 
0.79 <0.01 0.09 0.04 <0.0001 0.06 
Knuckle weight 
0.014 -0.096 0.190 0.097 -0.169 0.054 
0.78 0.06 <0.01 0.06 <0.01 0.28 
Shank weight 
-0.109 -0.123 0.020 -0.013 -0.144 0.102 
0.03 0.01 0.70 0.80 <0.01 0.04 
Lite butt weight 
-0.063 -0.120 0.017 -0.096 -0.235 0.003 
0.21 0.02 0.73 0.06 <0.0001 0.95 
Gluteus profundus 
      
     L* 
-0.213 0.063 -0.075 -0.174 -0.079 -0.020 
<0.0001 <0.01 <0.0001 <0.01 0.12 0.69 
     a* 
0.047 -0.016 0.020 0.069 0.083 -0.039 
0.01 0.37 0.26 0.18 0.10 0.45 
     b* 
-0.116 0.001 -0.076 -0.102 -0.039 -0.013 
<0.0001 0.96 <0.0001 0.05 0.45 0.80 
Gluteus medius 
      
     L* 
-0.335 -0.012 -0.097 -0.259 -0.048 -0.040 
<0.0001 0.49 <0.0001 <0.0001 0.35 0.44 
     a* 
0.061 0.135 0.068 0.070 0.134 0.105 
<0.01 <0.0001 <0.0001 0.17 0.01 0.04 
     b* 
-0.105 0.032 -0.024 -0.140 0.032 0.043 
<0.0001 0.06 0.17 0.01 0.53 0.40 
Semimembranosus 
      
     L* 
-0.284 -0.093 -0.063 -0.389 -0.044 -0.127 
<0.0001 0.06 0.21 <0.0001 0.39 0.01 
     a* 
0.089 0.005 0.015 0.030 0.056 -0.010 
0.08 0.91 0.77 0.56 0.27 0.84 
     b* 
-0.097 -0.026 0.001 -0.207 0.009 -0.090 
0.05 0.60 0.99 <0.0001 0.85 0.07 
Adductor 
      
     L* 
-0.278 -0.072 -0.077 -0.333 -0.067 -0.035 
<0.0001 0.15 0.13 <0.0001 0.18 0.49 
     a* 
0.107 -0.050 -0.060 -0.009 -0.004 -0.001 
0.03 0.32 0.23 0.86 0.93 0.98 
     b* 
-0.128 -0.093 -0.094 -0.235 -0.110 -0.065 





Table D.9. Continued. Lean production focus population Pearson correlation coefficients of 

















     
     L* 
0.067 0.116 0.060 -0.126 0.202 -0.011 
0.19 0.02 0.24 0.01 <0.0001 0.83 
     a* 
0.057 0.103 0.014 0.096 0.024 0.093 
0.26 0.04 0.79 0.06 0.63 0.07 
     b* 
0.150 0.226 0.141 -0.023 0.260 0.051 
<0.01 <0.0001 0.01 0.65 <0.0001 0.31 
Semitendinosus, dark 
     
     L* 
-0.194 -0.004 -0.094 -0.190 -0.026 -0.076 
<0.01 0.93 0.06 <0.01 0.60 0.13 
     a* 
0.170 0.094 0.129 -0.035 0.079 -0.023 
<0.01 0.06 0.01 0.49 0.12 0.65 
     b* 
-0.005 0.076 0.037 -0.149 0.012 -0.112 
0.92 0.13 0.46 <0.01 0.82 0.03 
Biceps femoris 
      
     L* 
-0.265 -0.148 -0.057 -0.375 -0.068 -0.029 
<0.0001 <0.01 0.26 <0.0001 0.18 0.57 
     a* 
-0.035 0.011 -0.044 -0.078 0.022 0.021 
0.48 0.82 0.38 0.12 0.67 0.68 
     b* 
-0.241 -0.086 -0.009 -0.293 -0.034 -0.013 
<0.0001 0.09 0.86 <0.0001 0.50 0.80 
Vastus lateralis 
      
     L* 
-0.228 -0.104 -0.036 -0.276 -0.079 0.034 
<0.0001 0.04 0.47 <0.0001 0.12 0.50 
     a* 
0.127 0.101 -0.007 0.041 0.017 -0.023 
0.01 0.04 0.88 0.42 0.74 0.65 
     b* 
-0.029 -0.009 0.005 -0.056 -0.110 -0.002 
0.56 0.86 0.93 0.27 0.03 0.96 
Rectus femoris 
      
     L* 
-0.240 -0.111 -0.126 -0.286 -0.101 -0.086 
<0.0001 0.03 0.01 <0.0001 0.04 0.09 
     a* 
0.104 0.095 0.067 0.092 0.072 0.103 
0.04 0.06 0.19 0.07 0.16 0.04 
     b* 
-0.049 -0.080 -0.091 -0.085 -0.102 -0.038 






Table D.9. Continued. Lean production focus population Pearson correlation coefficients of 

















           Semimembran-
osus 
0.166 0.129 0.124 0.308 0.134 0.088 
<0.01 0.01 0.01 <0.0001 0.01 0.08 
     Adductor 
0.211 0.144 0.166 0.333 0.163 0.073 
<0.0001 <0.01 <0.01 <0.0001 <0.01 0.15 
     Semitendinosus, 
light  
0.206 0.152 0.174 0.365 0.111 0.094 
<0.0001 <0.01 <0.01 <0.0001 0.03 0.06 
     Semitendinosus, 
dark 
0.244 0.143 0.173 0.363 0.135 0.106 
<0.0001 <0.01 <0.01 <0.0001 0.01 0.04 
     Biceps femoris 
0.172 0.157 0.153 0.344 0.113 0.064 
<0.01 <0.01 <0.01 <0.0001 0.03 0.20 
     Vastus lateralis 
0.169 0.136 0.163 0.301 0.113 0.068 
<0.01 0.01 <0.01 <0.0001 0.03 0.18 
     Rectus femoris 
0.128 0.114 0.139 0.227 0.110 0.041 
0.01 0.02 0.01 <0.0001 0.03 0.41 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh muscle was determined on one 
measure per muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus dark 
portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 










1 d 20d 
Variable L* a* b* L* a* b* 
Ham Weight, 1 d 
0.024 -0.063 0.131 -0.053 -0.151 -0.017 
0.30 0.01 <0.0001 0.29 <0.01 0.74 
Pre-trim weight 
0.105 -0.083 0.172 -0.074 -0.137 -0.021 
0.04 0.10 <0.01 0.14 0.01 0.68 
Post-trim weight 
0.057 -0.124 0.100 -0.076 -0.128 -0.022 
0.25 0.01 0.05 0.13 0.01 0.67 
Inside weight 
0.009 -0.106 -0.003 -0.058 -0.148 -0.115 
0.86 0.04 0.95 0.25 <0.01 0.02 
Outside weight 
-0.095 -0.022 -0.119 -0.097 -0.039 -0.128 
0.06 0.67 0.02 0.05 0.44 0.01 
Knuckle weight 
-0.055 -0.048 -0.059 -0.123 -0.077 -0.117 
0.28 0.34 0.25 0.01 0.13 0.02 
Shank weight 
0.073 -0.084 0.020 0.059 -0.060 0.007 
0.15 0.10 0.69 0.24 0.24 0.88 
Lite butt weight 
-0.020 0.021 -0.051 0.010 0.073 -0.028 
0.69 0.68 0.31 0.85 0.15 0.57 
Gluteus profundus 
      
     L* 
0.088 -0.014 -0.005 0.147 0.040 0.055 
<0.01 0.55 0.83 <0.01 0.44 0.28 
     a* 
0.020 0.118 0.110 -0.021 0.003 0.020 
0.41 <0.0001 <0.0001 0.69 0.95 0.70 
     b* 
0.062 0.099 0.062 0.087 0.177 0.090 
0.01 <0.0001 0.01 0.09 <0.01 0.08 
Gluteus medius 
      
     L* 
0.248 -0.011 0.110 0.298 0.041 0.185 
<0.0001 0.63 <0.0001 <0.0001 0.43 <0.01 
     a* 
-0.135 0.204 -0.031 -0.076 0.191 0.061 
<0.0001 <0.0001 0.18 0.14 <0.01 0.23 
     b* 
0.096 0.123 0.094 0.114 0.244 0.200 
<0.0001 <0.0001 <0.0001 0.03 <0.0001 <0.0001 
Semimembranosus 
      
     L* 
0.339 -0.081 0.243 0.437 -0.006 0.264 
<0.0001 0.11 <0.0001 <0.0001 0.91 <0.0001 
     a* 
-0.080 0.332 0.063 -0.054 0.317 0.185 
0.11 <0.0001 0.22 0.28 <0.0001 <0.01 
     b* 
0.127 0.176 0.140 0.225 0.157 0.257 
0.01 <0.01 0.01 <0.0001 <0.01 <0.0001 
Adductor 
      
     L* 
0.313 -0.066 0.251 0.423 0.001 0.253 
<0.0001 0.19 <0.0001 <0.0001 0.98 <0.0001 
     a* 
-0.131 0.259 -0.016 -0.045 0.288 0.140 
0.01 <0.0001 0.75 0.37 <0.0001 0.01 
     b* 
0.092 0.095 0.106 0.246 0.155 0.219 





Table D.10. Continued. Lean production focus population Pearson instrumental loin color 
with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Semitendinosus, light 
     
     L* 
0.243 -0.108 0.344 0.160 -0.160 0.170 
<0.0001 0.03 <0.0001 <0.01 <0.01 <0.01 
     a* 
-0.158 0.245 -0.127 -0.104 0.211 0.002 
<0.01 <0.0001 0.01 0.04 <0.0001 0.96 
     b* 
0.103 0.059 0.271 0.042 -0.054 0.141 
0.04 0.24 <0.0001 0.41 0.29 0.01 
Semitendinosus, dark 
     
     L* 
0.142 -0.081 0.062 0.204 -0.002 0.095 
<0.01 0.11 0.22 <0.0001 0.97 0.06 
     a* 
0.019 0.080 0.151 0.030 0.050 0.166 
0.71 0.11 <0.01 0.55 0.32 <0.01 
     b* 
0.065 0.087 0.107 0.147 0.086 0.186 
0.20 0.09 0.03 <0.01 0.09 <0.01 
Biceps femoris 
      
     L* 
0.377 -0.052 0.294 0.463 -0.044 0.256 
<0.0001 0.30 <0.0001 <0.0001 0.39 <0.0001 
     a* 
-0.081 0.228 -0.058 0.056 0.319 0.205 
0.11 <0.0001 0.25 0.27 <0.0001 <0.0001 
     b* 
0.203 0.115 0.105 0.327 0.207 0.301 
<0.0001 0.02 0.04 <0.0001 <0.0001 <0.0001 
Vastus lateralis 
      
     L* 
0.248 -0.124 0.167 0.323 -0.061 0.151 
<0.0001 0.01 <0.01 <0.0001 0.23 <0.01 
     a* 
-0.132 0.227 -0.062 -0.042 0.272 0.105 
0.01 <0.0001 0.22 0.41 <0.0001 0.04 
     b* 
0.020 0.052 0.020 0.114 0.155 0.154 
0.69 0.30 0.69 0.02 <0.01 <0.01 
Rectus femoris 
      
     L* 
0.295 -0.183 0.109 0.304 -0.037 0.144 
<0.0001 <0.01 0.03 <0.0001 0.46 <0.01 
     a* 
-0.105 0.278 0.060 -0.071 0.201 0.063 
0.04 <0.0001 0.24 0.16 <0.0001 0.21 
     b* 
0.040 0.018 0.008 0.150 0.124 0.155 






Table D.10. Continued. Lean production focus population Pearson instrumental loin color 
with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
pH 
           
Semimembranosus 
-0.115 -0.094 -0.030 -0.305 -0.206 -0.205 
0.02 0.06 0.56 <0.0001 <0.0001 <0.0001 
     Adductor 
-0.114 -0.120 0.002 -0.320 -0.272 -0.215 
0.02 0.02 0.97 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.214 -0.101 -0.118 -0.364 -0.206 -0.239 
<0.0001 0.04 0.02 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.177 -0.117 -0.039 -0.352 -0.235 -0.205 
<0.01 0.02 0.44 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.133 -0.107 -0.051 -0.321 -0.252 -0.251 
0.01 0.03 0.32 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.135 -0.059 -0.031 -0.298 -0.182 -0.175 
0.01 0.24 0.54 <0.0001 <0.01 <0.01 
     Rectus femoris 
-0.050 -0.039 0.047 -0.232 -0.159 -0.135 
0.32 0.44 0.35 <0.0001 <0.01 0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* 
value indicates a more yellow color). Instrumental color on fresh ham muscles was 
determined on one measure per muscle. Instrumental color on the loin was determined as 
the average of 2 measurements on the ventral surface of the loin. Instrumental color and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head 
of the femur was removed, semitendinosus light (medial edge of the distal end), biceps 
femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 





Table D.11. Lean production focus population Pearson correlation coefficients of loin weight, pH, 

















0.572 -0.074 0.066 -0.079 0.016 -0.073 -0.106 
<0.0001 0.15 0.19 0.12 0.75 0.15 0.04 
Pumped weight 
0.552 -0.063 0.063 -0.115 -0.015 -0.087 -0.117 
<0.0001 0.22 0.21 0.02 0.77 0.09 0.02 
Pump percent 
0.033 0.027 -0.006 -0.143 -0.096 -0.044 -0.042 
0.52 0.59 0.90 <0.01 0.06 0.39 0.41 
30 minute 
drained weight 
0.560 -0.069 0.074 -0.108 -0.108 -0.098 -0.129 
<0.0001 0.18 0.15 0.03 0.03 0.05 0.01 
Pump retention 
0.058 0.013 0.033 -0.140 -0.138 -0.095 -0.094 
0.26 0.79 0.51 0.01 0.01 0.06 0.06 
Stuffed weight 
0.558 -0.040 0.047 -0.147 -0.147 -0.046 -0.070 
<0.0001 0.44 0.36 <0.01 <0.01 0.37 0.17 
Stuffed yield 
-0.022 0.088 -0.086 -0.242 0.020 0.083 0.066 
0.68 0.09 0.09 <0.0001 0.70 0.10 0.20 
Casing on 
cooked weight 
0.529 -0.038 0.099 -0.113 -0.113 -0.091 -0.078 
<0.0001 0.47 0.05 0.03 0.03 0.08 0.13 
Casing off 
cooked weight 
0.532 -0.036 0.097 -0.109 -0.109 -0.089 -0.082 
<0.0001 0.48 0.06 0.03 0.03 0.08 0.11 
Cooked yield 
0.018 0.096 0.088 -0.115 -0.079 -0.068 0.015 




       
     L* 
-0.108 0.230 -0.241 -0.079 0.183 0.268 0.243 
0.04 <0.0001 <0.0001 0.13 <0.01 <0.0001 <0.0001 
     a* 
-0.110 0.102 -0.014 -0.136 0.016 0.071 0.088 
0.03 0.05 0.78 0.01 0.76 0.17 0.09 
     b* 
-0.005 0.016 -0.185 -0.141 0.053 0.119 -0.028 
0.92 0.76 <0.01 0.01 0.30 0.02 0.58 
Bind strength 
0.033 0.022 -0.031 0.047 -0.079 -0.039 -0.046 





Table D.11. Continued. Lean production focus population Pearson correlation coefficients of loin 

















      
     Moisture, % 
0.074 -0.013 0.225 0.179 -0.152 -0.173 -0.084 
0.15 0.79 <0.0001 <0.01 <0.01 <0.01 0.10 
     Lipid, % 
-0.158 0.018 -0.127 -0.070 0.033 0.033 0.037 
<0.01 0.73 0.01 0.17 0.52 0.52 0.47 
     Protein, % 
0.162 -0.135 -0.046 0.005 0.041 0.023 -0.098 
<0.01 0.01 0.37 0.92 0.43 0.66 0.06 
     PFF
4 
0.124 -0.134 -0.078 -0.012 0.050 0.031 -0.090 
0.02 0.01 0.13 0.82 0.33 0.54 0.08 
1 




 SSF = slice shear force. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the average of 
4 measurements. 
4





Table D.12. Lean production focus population Pearson correlation coefficients of subjective 

















0.015 -0.190 0.128 -0.079 0.134 -0.196 
0.76 <0.01 0.01 0.12 0.01 <0.0001 
Pumped 
weight 
0.013 -0.200 0.077 0.144 -0.207 0.084 
0.80 <0.0001 0.13 <0.01 <0.0001 0.10 
Pump percent 
-0.013 -0.054 -0.147 0.050 -0.074 -0.016 
0.80 0.28 <0.01 0.33 0.15 0.76 
30 minute 
drained weight 
0.020 -0.198 0.084 0.149 -0.203 0.083 
0.69 <0.0001 0.10 <0.01 <0.0001 0.10 
Pump 
retention 
0.013 -0.053 -0.146 0.074 -0.068 -0.027 
0.80 0.30 <0.01 0.14 0.18 0.59 
Stuffed weight 
-0.015 -0.190 0.093 0.102 -0.210 0.080 
0.76 <0.01 0.07 0.05 <0.0001 0.12 
Stuffed yield 
-0.077 0.016 -0.148 -0.049 -0.063 -0.050 
0.13 0.75 <0.01 0.34 0.22 0.33 
Casing on 
cooked weight 
0.012 -0.178 0.069 0.132 -0.195 0.088 
0.82 <0.01 0.18 0.01 <0.01 0.09 
Casing off 
cooked weight 
0.011 -0.180 0.074 0.131 -0.198 0.089 
0.83 <0.01 0.15 0.01 <0.0001 0.08 
Cooked yield 
0.026 0.016 -0.156 0.068 -0.068 0.004 
0.61 0.75 <0.01 0.18 0.18 0.93 
Cured color 
      
     L* 
-0.296 0.002 -0.024 -0.268 -0.064 -0.063 
<0.0001 0.97 0.63 <0.0001 0.22 0.22 
     a* 
0.141 0.004 -0.014 0.162 0.007 0.101 
0.01 0.94 0.78 <0.01 0.89 0.05 
     b* 
0.036 -0.011 0.063 -0.188 0.035 -0.021 
0.49 0.83 0.22 <0.01 0.50 0.69 
Bind strength 
-0.027 -0.027 -0.124 -0.155 -0.025 -0.064 





Table D.12. Continued. Lean production focus population Pearson correlation coefficients 

















          Moisture, 
% 
0.116 -0.168 -0.084 0.118 -0.236 -0.013 
0.02 <0.01 0.10 0.02 <0.0001 0.80 
     Lipid, % 
-0.048 0.290 0.043 -0.073 0.344 0.067 
0.35 <0.0001 0.40 0.16 <0.0001 0.19 
     Protein, % 
0.001 -0.114 0.139 -0.057 -0.033 -0.071 
0.98 0.03 0.01 0.27 0.52 0.17 
     PFF
3 
-0.012 -0.044 0.152 -0.076 0.051 -0.056 
0.82 0.39 <0.01 0.14 0.32 0.28 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the 
average of 4 measurements. 
3






Table D.13. Lean production focus population Pearson correlation coefficients of 




1 d 20d 
Variable L* a* b* L* a* b* 
Green weight 
-0.053 -0.092 -0.049 -0.125 -0.142 -0.156 
0.30 0.07 0.34 0.01 <0.01 <0.01 
Pumped 
weight 
-0.022 -0.113 -0.026 -0.121 -0.213 -0.195 
0.66 0.03 0.60 0.02 <0.0001 <0.01 
Pump percent 
0.091 -0.081 0.064 -0.003 -0.269 -0.162 
0.07 0.11 0.21 0.96 <0.0001 <0.01 
30 minute 
drained weight 
-0.026 -0.116 -0.027 -0.126 -0.209 -0.193 
0.61 0.02 0.60 0.01 <0.0001 <0.01 
Pump 
retention 
0.094 -0.104 0.075 -0.017 -0.291 -0.175 
0.06 0.04 0.14 0.73 <0.0001 <0.01 
Stuffed weight 
-0.028 -0.099 -0.028 -0.091 -0.155 -0.143 
0.58 0.05 0.58 0.08 <0.01 0.01 
Stuffed yield 
0.056 -0.019 0.033 0.083 -0.068 -0.031 
0.28 0.71 0.53 0.11 0.19 0.55 
Casing on 
cooked weight 
-0.057 -0.094 -0.044 -0.123 -0.163 -0.169 
0.27 0.07 0.38 0.02 <0.01 <0.01 
Casing off 
cooked weight 
-0.055 -0.098 -0.049 -0.121 -0.165 -0.171 
0.28 0.06 0.34 0.02 <0.01 <0.01 
Cooked yield 
-0.044 -0.045 -0.053 -0.037 -0.120 -0.145 
0.39 0.38 0.30 0.47 0.02 <0.01 
Cured color 
      
     L* 
0.122 -0.056 -0.059 0.240 0.075 0.099 
0.02 0.27 0.25 <0.0001 0.15 0.05 
     a* 
-0.262 0.333 -0.151 -0.191 0.343 0.038 
<0.0001 <0.0001 <0.01 <0.01 <0.0001 0.47 
     b* 
0.041 0.178 0.144 0.150 0.314 0.360 




0.041 -0.046 0.065 0.170 -0.013 0.124 






Table D.13. Continued. Lean production focus population Pearson correlation 
coefficients of instrumental loin color with processed ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Proximate Composition      
     Moisture, 
% 
-0.096 -0.047 -0.098 -0.183 -0.150 -0.224 
0.06 0.35 0.05 <0.01 <0.01 
<0.000
1 
     Lipid, % 
0.127 0.032 0.144 0.160 0.041 0.163 
0.01 0.53 <0.01 <0.01 0.43 <0.01 
     Protein, % 
0.024 -0.007 0.091 0.018 0.072 0.137 
0.65 0.89 0.08 0.73 0.16 0.01 
     PFF
3 
0.057 0.000 0.127 0.058 0.082 0.178 
0.27 1.00 0.01 0.26 0.11 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental color 
was determined on ham steaks as the average of 4 measurements. Instrumental 
color of the loin was determined as the average of 2 measurements the ventral 
surface of the loin. 
3





































Weight, 1 d 
0.709 0.672 -0.011 0.682 0.013 0.690 -0.072 0.668 0.668 0.020 
<0.0001 <0.0001 0.82 <0.0001 0.80 <0.0001 0.15 <0.0001 <0.0001 0.69 
Pre-trim weight 
0.694 0.658 -0.012 0.669 0.019 0.675 -0.070 0.658 0.658 0.032 
<0.0001 <0.0001 0.82 <0.0001 0.70 <0.0001 0.17 <0.0001 <0.0001 0.52 
Post-trim weight 
0.768 0.730 -0.007 0.740 0.018 0.751 -0.052 0.729 0.730 0.053 
<0.0001 <0.0001 0.89 <0.0001 0.71 <0.0001 0.30 <0.0001 <0.0001 0.30 
Inside weight 
0.903 0.871 0.040 0.880 0.068 0.879 -0.052 0.851 0.856 0.081 
<0.0001 <0.0001 0.43 <0.0001 0.18 <0.0001 0.31 <0.0001 <0.0001 0.11 
Outside weight 
0.907 0.848 -0.052 0.858 -0.039 0.864 -0.131 0.843 0.848 0.030 
<0.0001 <0.0001 0.30 <0.0001 0.44 <0.0001 0.01 <0.0001 <0.0001 0.55 
Knuckle weight 
0.772 0.727 -0.017 0.738 0.008 0.757 -0.054 0.751 0.750 0.097 
<0.0001 <0.0001 0.73 <0.0001 0.88 <0.0001 0.29 <0.0001 <0.0001 0.05 
Shank weight 
0.479 0.440 -0.057 0.451 -0.032 0.471 -0.051 0.462 0.459 0.016 
<0.0001 <0.0001 0.25 <0.0001 0.52 <0.0001 0.31 <0.0001 <0.0001 0.75 
Lite butt weight 
0.286 0.287 0.063 0.284 0.055 0.304 0.020 0.291 0.293 0.046 
<0.0001 <0.0001 0.21 <0.0001 0.28 <0.0001 0.69 <0.0001 <0.0001 0.36 
Gluteus profundus 
          
 
     L* 
-0.116 -0.076 0.121 -0.090 0.090 -0.073 0.147 -0.107 -0.098 0.028 
0.02 0.14 0.02 0.08 0.08 0.16 <0.01 0.04 0.05 0.59 
 
     a* 
0.083 0.078 -0.004 0.083 0.014 0.061 -0.035 0.053 0.051 -0.056 
0.10 0.13 0.93 0.10 0.78 0.23 0.49 0.30 0.32 0.27 
 
     b* 
-0.105 -0.096 0.015 -0.106 -0.018 -0.095 0.036 -0.098 -0.091 0.024 
0.04 0.06 0.76 0.04 0.72 0.06 0.48 0.06 0.08 0.64 
Gluteus medius 
          
 
     L* 
0.034 0.035 0.006 0.029 -0.012 0.028 -0.001 0.008 0.004 -0.081 
0.50 0.50 0.90 0.57 0.82 0.58 0.99 0.87 0.93 0.11 
 
     a* 
-0.141 -0.134 0.002 -0.138 -0.009 -0.111 0.085 -0.123 -0.124 0.009 
0.01 0.01 0.97 0.01 0.86 0.03 0.10 0.02 0.02 0.87 
 
     b* 
-0.031 -0.051 -0.068 -0.057 -0.097 -0.030 -0.013 -0.017 -0.021 0.007 






































          
 
     L* 
-0.072 -0.076 -0.024 -0.079 -0.036 -0.070 -0.025 -0.097 -0.101 -0.135 
0.15 0.13 0.64 0.11 0.47 0.17 0.62 0.05 0.04 0.01 
 
     a* 
-0.029 -0.040 -0.041 -0.039 -0.046 -0.004 0.057 -0.021 -0.025 -0.028 
0.56 0.43 0.41 0.43 0.36 0.94 0.26 0.68 0.62 0.58 
 
     b* 
-0.035 -0.046 -0.034 -0.047 -0.042 -0.011 0.017 -0.045 -0.052 -0.119 
0.49 0.36 0.50 0.35 0.40 0.83 0.74 0.37 0.30 0.02 
Adductor 
          
 
     L* 
-0.173 -0.160 0.024 -0.163 0.018 -0.129 0.123 -0.148 -0.147 0.022 
<0.01 <0.01 0.64 <0.01 0.73 0.01 0.01 <0.01 <0.01 0.67 
 
     a* 
-0.056 -0.063 -0.047 -0.069 -0.073 -0.090 -0.102 -0.112 -0.111 -0.166 
0.26 0.20 0.35 0.17 0.14 0.08 0.04 0.03 0.03 <0.01 
 
     b* 
-0.129 -0.126 -0.007 -0.133 -0.033 -0.123 -0.014 -0.153 -0.148 -0.099 
0.01 0.01 0.89 0.01 0.51 0.01 0.78 <0.01 <0.01 0.05 
Semitendinosus, light 
         
 
     L* 
-0.075 -0.084 -0.051 -0.078 -0.035 -0.091 -0.012 -0.101 -0.113 -0.097 
0.13 0.09 0.30 0.12 0.49 0.07 0.81 0.04 0.02 0.05 
 
     a* 
-0.127 -0.129 -0.014 -0.133 -0.034 -0.094 -0.039 -0.079 -0.084 -0.022 
0.01 0.01 0.77 0.01 0.50 0.06 0.44 0.12 0.09 0.66 
 
     b* 
-0.158 -0.166 -0.052 -0.163 -0.047 -0.162 -0.045 -0.155 -0.173 -0.101 
<0.01 <0.01 0.29 <0.01 0.35 <0.01 0.37 <0.01 <0.01 0.05 
Semitendinosus, dark 
         
 
     L* 
-0.164 -0.148 0.036 -0.153 0.026 -0.134 0.054 -0.130 -0.130 0.026 
<0.01 <0.01 0.48 <0.01 0.61 0.01 0.29 0.01 0.01 0.61 
 
     a* 
0.003 -0.023 -0.098 -0.020 -0.100 -0.010 0.009 -0.033 -0.030 -0.067 
0.95 0.65 0.05 0.69 0.05 0.85 0.86 0.51 0.55 0.18 
 
     b* 
-0.146 -0.151 -0.045 -0.157 -0.070 -0.134 0.046 -0.159 -0.156 -0.063 





































         
 
     L* 
-0.001 0.002 0.012 -0.001 0.002 0.015 0.049 -0.005 -0.010 -0.035 
0.98 0.96 0.82 0.98 0.97 0.76 0.33 0.91 0.84 0.49 
 
     a* 
-0.074 -0.106 -0.112 -0.111 -0.150 -0.073 -0.075 -0.113 -0.108 -0.175 
0.14 0.03 0.02 0.03 <0.01 0.15 0.14 0.02 0.03 <0.01 
 
     b* 
-0.105 -0.109 -0.028 -0.120 -0.075 -0.077 0.031 -0.123 -0.121 -0.121 
0.04 0.03 0.58 0.02 0.13 0.12 0.54 0.01 0.02 0.02 
Vastus lateralis 
         
 
     L* 
-0.031 -0.039 -0.028 -0.038 -0.031 -0.015 0.004 -0.036 -0.037 -0.063 
0.54 0.44 0.58 0.45 0.53 0.76 0.93 0.47 0.46 0.22 
 
     a* 
-0.120 -0.155 -0.132 -0.154 -0.147 -0.143 -0.057 -0.149 -0.148 -0.101 
0.02 <0.01 0.01 <0.01 <0.01 <0.01 0.26 <0.01 <0.01 0.04 
 
     b* 
0.031 0.008 -0.072 0.014 -0.062 0.017 -0.053 0.002 0.003 -0.094 
0.53 0.87 0.15 0.78 0.21 0.73 0.30 0.97 0.95 0.06 
Rectus femoris 
         
 
     L* 
-0.050 -0.071 -0.076 -0.066 -0.070 -0.055 -0.047 -0.068 -0.074 -0.114 
0.32 0.15 0.13 0.18 0.16 0.28 0.36 0.17 0.14 0.02 
 
     a* 
-0.046 -0.074 -0.098 -0.074 -0.113 -0.050 -0.011 -0.059 -0.056 -0.053 
0.36 0.14 0.05 0.14 0.02 0.33 0.83 0.24 0.27 0.30 
 
     b* 
0.117 0.064 -0.158 0.078 -0.134 0.079 -0.097 0.068 0.065 -0.113 










































-0.005 0.028 0.102 0.029 0.121 -0.024 -0.027 -0.010 -0.010 0.026 
0.91 0.57 0.04 0.56 0.02 0.64 0.59 0.85 0.84 0.61 
 
Adductor 
0.004 0.043 0.122 0.045 0.150 -0.002 0.009 0.012 0.016 0.075 




0.026 0.056 0.097 0.055 0.110 0.015 -0.006 0.034 0.034 0.068 




0.065 0.103 0.128 0.104 0.151 0.061 0.011 0.077 0.076 0.079 
0.19 0.04 0.01 0.04 <0.01 0.23 0.82 0.13 0.13 0.12 
 
Biceps femoris 
-0.026 0.022 0.145 0.020 0.162 -0.022 0.033 -0.007 -0.006 0.086 
0.61 0.66 <0.01 0.69 <0.01 0.66 0.51 0.88 0.91 0.09 
 
Vastus lateralis 
-0.026 0.024 0.158 0.021 0.171 0.001 0.088 0.009 0.015 0.129 
0.60 0.63 <0.01 0.68 <0.01 0.99 0.08 0.85 0.77 0.01 
 
Rectus femoris 
-0.097 -0.030 0.198 -0.034 0.217 -0.056 0.137 -0.044 -0.043 0.160 
0.05 0.55 <0.0001 0.49 <0.0001 0.26 0.01 0.38 0.40 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 





Table D.15. Lean production focus population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2 
 












Weight, 1 d 
-0.124 -0.189 -0.024 -0.029 -0.016 -0.004 0.106 0.106 
0.01 <0.01 0.64 0.57 0.75 0.94 0.04 0.04 
Pre-trim weight 
-0.139 -0.159 -0.013 -0.017 -0.016 0.005 0.088 0.089 
0.01 <0.01 0.80 0.74 0.75 0.91 0.08 0.08 
Post-trim weight 
-0.104 -0.197 -0.044 -0.031 0.051 -0.064 0.066 0.050 
0.04 <0.0001 0.39 0.54 0.31 0.21 0.19 0.32 
Inside weight 
-0.121 -0.112 -0.111 -0.105 0.095 -0.123 0.041 0.009 
0.02 0.03 0.03 0.04 0.06 0.02 0.42 0.86 
Outside weight 
-0.076 -0.026 -0.055 -0.058 -0.061 0.082 -0.017 0.003 
0.14 0.61 0.28 0.26 0.22 0.10 0.74 0.96 
Knuckle weight 
-0.065 -0.035 -0.021 -0.144 0.109 -0.134 0.018 -0.016 
0.20 0.49 0.68 <0.01 0.03 0.01 0.73 0.76 
Shank weight 
-0.027 -0.101 -0.070 0.031 0.032 -0.024 -0.029 -0.035 
0.59 0.05 0.17 0.55 0.52 0.63 0.57 0.49 
Lite butt weight 
0.052 0.035 -0.035 -0.123 0.047 -0.009 -0.116 -0.121 
0.31 0.50 0.49 0.02 0.35 0.86 0.02 0.02 
Gluteus profundus 
     
  
 
     L* 
0.173 0.087 0.066 -0.042 -0.046 0.044 -0.117 -0.108 
<0.01 0.09 0.20 0.42 0.37 0.39 0.02 0.04 
 
     a* 
-0.164 0.084 0.140 -0.032 -0.084 0.043 0.099 0.112 
<0.01 0.11 0.01 0.54 0.10 0.40 0.05 0.03 
 
     b* 
0.215 0.072 0.044 -0.048 -0.004 -0.014 -0.112 -0.117 






Table D.15. Continued. Lean production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham  color, bind strength, and proximate composition
1,2
 














     
  
 
     L* 
0.178 -0.067 0.174 0.092 -0.154 0.167 -0.052 -0.013 
<0.01 0.20 <0.01 0.08 <0.01 <0.01 0.31 0.80 
 
     a* 
-0.018 0.201 0.090 -0.060 -0.162 0.136 0.007 0.041 
0.73 <0.0001 0.08 0.25 <0.01 0.01 0.89 0.43 
 
     b* 
0.182 0.053 0.104 0.029 -0.100 0.104 -0.070 -0.047 
<0.01 0.31 0.04 0.58 0.05 0.04 0.17 0.37 
Semimembranosus 
     
  
 
     L* 
0.131 -0.087 0.192 0.023 -0.181 0.084 0.124 0.147 
0.01 0.09 <0.01 0.66 <0.01 0.10 0.01 <0.01 
 
     a* 
-0.134 0.204 0.185 0.039 -0.128 0.107 0.029 0.057 
0.01 <0.0001 <0.01 0.44 0.01 0.03 0.57 0.26 
 
     b* 
0.062 0.029 0.223 -0.014 -0.229 0.149 0.092 0.132 
0.22 0.57 <0.0001 0.79 <0.0001 <0.01 0.07 0.01 
Adductor 
      
  
 
     L* 
0.254 -0.249 0.074 0.055 -0.118 0.116 -0.004 0.024 
<0.0001 <0.0001 0.15 0.29 0.02 0.02 0.94 0.63 
 
     a* 
-0.096 0.243 0.190 -0.024 -0.159 0.065 0.138 0.157 
0.06 <0.0001 <0.01 0.63 <0.01 0.20 0.01 <0.01 
 
     b* 
0.181 -0.049 0.162 0.022 -0.202 0.128 0.091 0.125 






Table D.15. Continued. Lean production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham  color, bind strength, and proximate composition
1,2
 














     
  
 
     L* 
-0.067 -0.220 0.083 0.008 -0.195 0.194 0.152 0.202 
0.19 <0.0001 0.10 0.87 <0.01 <0.01 <0.01 <0.0001 
 
     a* 
-0.007 0.279 0.073 -0.037 0.015 0.048 -0.141 -0.130 
0.89 <0.0001 0.15 0.48 0.77 0.34 0.01 0.01 
 
     b* 
-0.073 -0.035 0.148 -0.091 -0.177 0.196 0.087 0.137 
0.15 0.50 <0.01 0.08 <0.01 <0.0001 0.09 0.01 
Semitendinosus, dark 
     
  
 
     L* 
0.212 -0.046 0.052 -0.098 -0.047 0.100 -0.099 -0.076 
<0.0001 0.37 0.31 0.06 0.35 0.05 0.05 0.14 
 
     a* 
-0.149 -0.025 0.098 0.061 -0.100 0.018 0.185 0.192 
<0.01 0.62 0.05 0.23 0.05 0.73 <0.01 <0.01 
 
     b* 
0.088 0.005 0.124 -0.087 -0.151 0.103 0.058 0.085 
0.08 0.93 0.01 0.09 <0.01 0.04 0.25 0.09 
Biceps femoris 
     
  
 
     L* 
0.126 -0.148 0.155 0.031 -0.149 0.117 0.047 0.078 
0.01 <0.01 <0.01 0.54 <0.01 0.02 0.35 0.12 
 
     a* 
0.007 0.246 0.282 -0.033 -0.286 0.240 0.068 0.128 
0.89 <0.0001 <0.0001 0.51 <0.0001 <0.0001 0.18 0.01 
 
     b* 
0.137 0.100 0.258 -0.028 -0.274 0.212 0.043 0.096 





Table D.15. Continued. Lean production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham  color, bind strength, and proximate composition
1,2
 














    
  
 
     L* 
0.103 -0.135 0.160 0.102 -0.119 0.080 0.053 0.074 
0.04 0.01 <0.01 0.05 0.02 0.11 0.30 0.15 
 
     a* 
-0.010 0.213 0.100 -0.028 -0.085 0.026 0.068 0.075 
0.85 <0.0001 0.05 0.59 0.09 0.61 0.18 0.14 
 
     b* 
-0.027 0.131 0.192 0.023 -0.108 -0.011 0.104 0.103 
0.59 0.01 <0.01 0.65 0.03 0.83 0.04 0.04 
Rectus femoris 




0.088 -0.130 0.174 0.053 -0.181 0.100 0.102 0.128 
0.08 0.01 <0.01 0.30 <0.01 0.05 0.04 0.01 
 
a* 
-0.067 0.167 0.045 0.029 -0.045 0.022 0.062 0.070 
0.19 <0.01 0.38 0.57 0.38 0.67 0.22 0.17 
 
b* 
0.013 0.051 0.210 0.032 -0.153 0.026 0.160 0.169 






Table D.15. Continued. Lean production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham  color, bind strength, and proximate composition
1,2
 


















-0.179 -0.054 -0.283 -0.003 0.186 -0.062 -0.102 -0.119 
<0.01 0.29 <0.0001 0.95 <0.01 0.22 0.05 0.02 
 
Adductor 
-0.169 -0.141 -0.321 0.025 0.217 -0.089 -0.084 -0.107 




-0.129 -0.128 -0.282 0.010 0.197 -0.071 -0.103 -0.123 




-0.231 -0.134 -0.273 0.080 0.184 -0.069 -0.069 -0.088 
<0.0001 0.01 <0.0001 0.12 <0.01 0.17 0.17 0.08 
 
Biceps femoris 
-0.144 -0.108 -0.330 -0.008 0.220 -0.074 -0.138 -0.158 
<0.01 0.03 <0.0001 0.88 <0.0001 0.14 0.01 <0.01 
 
Vastus lateralis 
-0.156 -0.100 -0.316 0.015 0.211 -0.091 -0.116 -0.140 
<0.01 0.05 <0.0001 0.77 <0.0001 0.07 0.02 0.01 
 
Rectus femoris 
-0.097 -0.147 -0.304 0.094 0.184 -0.046 -0.116 -0.129 
0.06 <0.01 <0.0001 0.07 <0.01 0.36 0.02 0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental 
color on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles 
and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor 
(proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, 
semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 
and rectus femoris (proximal face). Instrumental color cured ham was determined on as the average of 4 
measurements on a ham steak.
 
3





Table D.16. Lean production focus population Pearson correlation coefficients 














-0.042 -0.070 0.014 -0.136 -0.161 -0.229 
0.42 <0.01 0.78 <0.01 <0.01 <0.0001 
pH, 31 
min   
-0.039 -0.136 0.082 0.174 0.346 
 
0.45 <0.01 0.11 <0.01 <0.0001 
pH, 1 d   
0.596 -0.466 -0.605 -0.324 
  
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d    
-0.494 -0.636 -0.381 
   




    
0.687 0.515 





     
0.586 
     
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
1





Table D.17. Lean production focus population Pearson correlation coefficients of loin color, marbling, and firmness
1,2 
 
      











20 d L* a* b* L* a* b* 
Color, 1 
d 
0.299 0.199 0.384 0.123 0.106 -0.528 0.170 -0.257 -0.497 0.024 -0.196 
<0.0001 <0.0001 <0.0001 0.01 0.04 <0.0001 <0.0001 <0.0001 <0.0001 0.64 <0.0001 
Marbling, 
1 d  
0.251 0.264 0.467 0.104 -0.087 0.043 -0.038 -0.157 -0.029 -0.088 
 
<0.0001 <0.0001 <0.0001 0.04 <0.01 0.06 0.10 <0.01 0.56 0.08 
Firmness, 
1 d   
0.126 0.172 0.101 -0.062 0.053 0.064 -0.146 -0.103 -0.110 
  
0.01 <0.01 0.04 0.01 0.02 0.01 <0.01 0.04 0.03 
Color, 20 
d    
0.219 0.162 0.040 -0.332 -0.267 -0.761 -0.127 -0.522 
   
<0.0001 <0.01 0.42 <0.0001 <0.0001 <0.0001 0.01 <0.0001 
Marbling, 
20 d     
0.168 0.067 0.160 -0.285 -0.112 -0.025 0.059 
    
<0.01 0.18 <0.01 <0.0001 0.03 0.62 0.24 
Firmness, 
20 d      
0.115 -0.042 -0.069 -0.179 0.030 -0.116 
     
0.02 0.40 0.17 0.00 0.55 0.02 
1d 
           
     L*       
-0.292 0.660 0.581 -0.205 0.266 
      
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a*        
0.257 -0.086 0.502 0.216 
       
<0.0001 0.09 <0.0001 <0.0001 
     b*         
0.428 -0.047 0.422 
        
<0.0001 0.35 <0.0001 
20d 
           
     L*          
-0.022 0.564 
         
0.66 <0.0001 
     a*           
0.622 
          
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow color). Instrumental loin color was determined as the average of 2 





Table D.18. Lean production focus population Pearson 
correlation coefficients of carcass composition with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
 






-0.303 -0.605 0.082 0.566 




-0.307 -0.563 0.102 0.539 




-0.314 -0.653 0.105 0.634 
<0.0001 <0.0001 0.04 <0.0001 
SFA 
0.390 0.579 -0.203 -0.605 
<0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.324 -0.239 0.246 0.313 
<0.0001 <0.0001 <0.0001 <0.0001 
PUFA 
-0.005 -0.374 -0.115 0.296 
0.93 <0.0001 0.03 <0.0001 
USFA:SFA 
-0.400 -0.571 0.190 0.592 
<0.0001 <0.0001 <0.01 <0.0001 
PUFA:SFA 
-0.274 -0.620 0.046 0.581 
<0.0001 <0.0001 0.37 <0.0001 
C 14:0, % 
0.160 0.447 0.014 -0.397 
<0.01 <0.0001 0.78 <0.0001 
C 15:0, % 
-0.088 -0.192 0.133 0.227 
0.08 <0.01 0.01 <0.0001 
C 16:0, % 
0.206 0.553 -0.064 -0.527 
<0.0001 <0.0001 0.22 <0.0001 
C 16:1, % 
-0.343 -0.202 0.231 0.275 
<0.0001 <0.0001 <0.0001 <0.0001 
C 17:0, % 
-0.252 -0.355 0.047 0.339 
<0.0001 <0.0001 0.36 <0.0001 
C 17:1, % 
0.000 -0.022 -0.061 -0.002 
0.99 0.66 0.24 0.98 
C 18:0, % 
0.414 0.465 -0.246 -0.519 
<0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
-0.316 -0.243 0.247 0.316 
<0.0001 <0.0001 <0.0001 <0.0001 
C 18:2 n6, 
% 
-0.026 -0.397 -0.099 0.322 
0.60 <0.0001 0.05 <0.0001 
C 18:3 n6, 
% 
0.041 -0.116 -0.019 0.096 
0.41 0.02 0.72 0.06 
C 18:3 n3, 
% 
0.151 -0.081 -0.169 0.011 
<0.01 0.11 <0.01 0.83 
C 20:0, % 
0.199 0.429 -0.107 -0.436 





Table D.18. Continued. Lean production focus population 
Pearson correlation coefficients of carcass composition 




Variable HCW BF LD 
Percent 
Lean 
C 20:1 n9, 
% 
0.216 0.246 -0.191 -0.298 
<0.0001 <0.0001 <0.01 <0.0001 
C 20:2 n6, 
% 
0.198 -0.040 -0.240 -0.055 
<0.0001 0.44 <0.0001 0.29 
C 20:3 n6, 
% 
-0.122 -0.341 -0.032 0.295 
0.02 <0.0001 0.53 <0.0001 
C 20:4 n6, 
% 
-0.234 -0.411 0.053 0.393 
<0.0001 <0.0001 0.31 <0.0001 
C 20:3 n3, 
% 
0.189 0.047 -0.175 -0.108 
<0.01 0.36 <0.01 0.04 
C 20:5 n3, 
% 
0.095 0.032 0.014 -0.023 
0.06 0.54 0.78 0.66 
C 22:0, % 
0.036 0.003 -0.021 -0.007 
0.47 0.95 0.69 0.89 
C 22:1 n9, 
% 
0.185 0.048 0.099 -0.005 
<0.01 0.35 0.05 0.93 
C 22:4 n6, 
% 
0.229 0.160 -0.218 -0.228 
<0.0001 <0.01 <0.0001 <0.0001 
C 22:5, % 
0.237 0.127 -0.157 -0.172 
<0.0001 0.01 <0.01 <0.01 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = 
saturated fatty acids. MUFA = monounsaturated fatty 
acids. PUFA = polyunsaturated fatty acids. USFA:SFA = 
ratio of unsaturated fatty acids (MUFA + PUFA) to 
saturated fatty acids. PUFA:SFA = ratio of polyunsaturated 





Table D.19. Lean production focus population Pearson correlation coefficients of loin weight, 




















0.097 0.143 -0.150 -0.362 0.343 0.349 0.365 




0.068 0.167 -0.087 -0.235 0.306 0.278 0.339 




0.035 0.189 -0.134 -0.361 0.323 0.369 0.395 
0.49 <0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.124 -0.348 0.161 0.337 -0.377 -0.429 -0.545 
0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.264 0.405 -0.134 -0.175 0.282 0.326 0.491 
<0.0001 <0.0001 0.01 <0.01 <0.0001 <0.0001 <0.0001 
PUFA 
0.246 -0.175 -0.002 -0.165 0.048 0.049 -0.055 
<0.0001 <0.01 0.97 <0.01 0.35 0.34 0.28 
USFA:SFA 
-0.142 0.338 -0.159 -0.329 0.381 0.432 0.545 
0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
0.071 0.112 -0.103 -0.324 0.289 0.319 0.323 
0.16 0.03 0.04 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
-0.013 -0.033 -0.006 0.244 -0.175 -0.209 -0.209 
0.80 0.52 0.91 <0.0001 <0.01 <0.0001 <0.0001 
C 15:0, % 
0.030 0.017 -0.064 -0.174 0.110 0.183 0.087 
0.55 0.75 0.21 <0.01 0.03 <0.01 0.09 
C 16:0, % 
-0.029 -0.093 0.086 0.284 -0.235 -0.259 -0.310 
0.57 0.07 0.09 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.263 0.388 -0.179 -0.199 0.251 0.330 0.436 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:0, % 
-0.108 0.144 -0.068 -0.219 0.237 0.291 0.258 
0.03 <0.01 0.18 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
0.027 -0.048 0.022 -0.122 0.114 0.068 0.017 
0.59 0.35 0.67 0.02 0.03 0.18 0.74 
C 18:0, % 
0.187 -0.424 0.174 0.294 -0.378 -0.436 -0.563 
<0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
-0.257 0.403 -0.127 -0.165 0.277 0.318 0.486 
<0.0001 <0.0001 0.01 <0.01 <0.0001 <0.0001 <0.0001 
C 18:2 n6, 
% 
0.235 -0.155 -0.022 -0.193 0.070 0.081 -0.031 
<0.0001 <0.01 0.66 <0.01 0.17 0.11 0.54 
C 18:3 n6, 
% 
0.127 -0.031 0.033 -0.082 -0.077 0.007 -0.088 
0.01 0.55 0.51 0.11 0.13 0.90 0.08 
C 18:3 n3, 
% 
0.301 -0.271 0.190 0.102 -0.169 -0.240 -0.293 
<0.0001 <0.0001 <0.01 0.04 <0.01 <0.0001 <0.0001 
C 20:0, % 
-0.010 -0.180 0.111 0.224 -0.231 -0.243 -0.285 






Table D.19. Continued. Lean production focus population Pearson correlation coefficients of 
loin weight, pH, water holding capacity, and slice shear force with iodine value and Fatty Acid 
















C 20:1 n9, 
% 
0.055 -0.274 0.120 0.175 -0.163 -0.231 -0.206 
0.28 <0.0001 0.02 <0.01 <0.01 <0.0001 <0.0001 
C 20:2 n6, 
% 
0.210 -0.344 0.085 0.082 -0.098 -0.185 -0.218 
<0.0001 <0.0001 0.09 0.11 0.06 <0.01 <0.0001 
C 20:3 n6, 
% 
0.103 -0.001 0.079 -0.051 0.119 0.050 0.113 
0.04 0.98 0.12 0.32 0.02 0.32 0.03 
C 20:4 n6, 
% 
0.038 0.156 0.020 -0.119 0.156 0.140 0.220 
0.46 <0.01 0.70 0.02 <0.01 0.01 <0.0001 
C 20:3 n3, 
% 
0.145 -0.238 0.136 0.212 -0.140 -0.228 -0.160 
<0.01 <0.0001 0.01 <0.0001 0.01 <0.0001 <0.01 
C 20:5 n3, 
% 
0.107 -0.019 -0.040 -0.027 0.012 0.015 -0.033 
0.03 0.72 0.43 0.60 0.81 0.77 0.51 
C 22:0, % 
0.016 0.004 0.000 -0.004 -0.031 -0.021 -0.024 
0.75 0.93 0.99 0.94 0.55 0.67 0.63 
C 22:1 n9, 
% 
0.257 -0.137 0.025 0.003 -0.075 -0.102 -0.138 
<0.0001 0.01 0.63 0.95 0.14 0.04 0.01 
C 22:4 n6, 
% 
0.207 -0.264 0.151 0.231 -0.222 -0.295 -0.280 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 22:5, % 
0.186 -0.150 0.165 0.158 -0.210 -0.246 -0.206 
<0.01 <0.01 <0.01 <0.01 <0.0001 <0.0001 <0.0001 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio of 
polyunsaturated fatty acids to saturated fatty acids. 
3





Table D.20. Lean production focus population Pearson correlation coefficients of 
subjective loin color, marbling, and firmness scores with iodine value and Fatty Acid 



















-0.083 -0.215 -0.120 -0.057 -0.392 -0.115 




-0.089 -0.227 -0.115 -0.025 -0.361 -0.059 




-0.101 -0.230 -0.167 -0.059 -0.388 -0.082 
0.05 <0.0001 <0.01 0.25 <0.0001 0.11 
SFA 
0.173 0.135 0.221 0.016 0.317 0.022 
<0.01 0.01 <0.0001 0.76 <0.0001 0.66 
MUFA 
-0.189 0.034 -0.187 0.033 -0.094 0.055 
<0.01 0.50 <0.01 0.51 0.06 0.28 
PUFA 
0.068 -0.225 0.003 -0.071 -0.264 -0.113 
0.18 <0.0001 0.95 0.16 <0.0001 0.03 
USFA:SFA 
-0.178 -0.131 -0.230 -0.021 -0.307 -0.024 
<0.01 0.01 <0.0001 0.68 <0.0001 0.64 
PUFA:SFA 
-0.072 -0.242 -0.152 -0.062 -0.387 -0.093 
0.15 <0.0001 <0.01 0.22 <0.0001 0.07 
C 14:0, % 
0.039 0.120 0.189 -0.066 0.288 0.060 
0.44 0.02 <0.01 0.19 <0.0001 0.24 
C 15:0, % 
-0.106 -0.143 -0.155 -0.059 -0.218 -0.266 
0.04 <0.01 <0.01 0.25 <0.0001 <0.0001 
C 16:0, % 
0.042 0.138 0.168 -0.016 0.299 0.050 
0.41 0.01 <0.01 0.76 <0.0001 0.32 
C 16:1, % 
-0.209 0.029 -0.112 -0.030 -0.091 0.015 
<0.0001 0.57 0.03 0.55 0.07 0.77 
C 17:0, % 
-0.132 -0.157 -0.136 -0.092 -0.279 -0.092 
0.01 <0.01 0.01 0.07 <0.0001 0.07 
C 17:1, % 
-0.054 -0.030 0.023 0.046 -0.149 -0.036 
0.28 0.55 0.65 0.36 <0.01 0.47 
C 18:0, % 
0.214 0.105 0.202 0.037 0.259 0.008 
<0.0001 0.04 <0.0001 0.46 <0.0001 0.88 
C 18:1 n9, 
% 
-0.181 0.029 -0.193 0.038 -0.089 0.059 
<0.01 0.57 <0.01 0.46 0.08 0.25 
C 18:2 n6, 
% 
0.054 -0.231 0.000 -0.080 -0.276 -0.116 
0.28 <0.0001 0.99 0.11 <0.0001 0.02 
C 18:3 n6, 
% 
0.001 -0.066 0.036 0.007 0.036 -0.062 
0.98 0.19 0.47 0.88 0.48 0.23 
C 18:3 n3, 
% 
0.157 -0.156 0.037 0.001 -0.118 -0.080 
<0.01 <0.01 0.46 0.99 0.02 0.12 
C 20:0, % 
0.123 0.255 0.202 0.099 0.273 0.061 
0.02 <0.0001 <0.0001 0.05 <0.0001 0.23 
C 20:1 n9, 
% 
0.133 0.163 0.025 0.062 0.131 0.025 





Table D.20. Continued. Lean production focus population Pearson correlation 
coefficients of subjective loin color, marbling, and firmness scores with iodine value 
















C 20:2 n6, 
% 
0.167 -0.023 0.048 0.031 -0.063 -0.025 
<0.01 0.65 0.34 0.55 0.21 0.63 
C 20:3 n6, 
% 
-0.033 -0.182 -0.135 0.015 -0.228 -0.050 
0.51 <0.01 0.01 0.77 <0.0001 0.32 
C 20:4 n6, 
% 
-0.059 -0.217 -0.120 -0.043 -0.251 -0.065 
0.24 <0.0001 0.02 0.40 <0.0001 0.20 
C 20:3 n3, 
% 
0.178 0.008 -0.004 0.067 0.013 0.016 
<0.01 0.87 0.94 0.19 0.81 0.75 
C 20:5 n3, 
% 
-0.082 -0.006 0.031 -0.005 0.006 0.004 
0.11 0.91 0.54 0.92 0.90 0.94 
C 22:0, % 
0.063 0.030 0.031 -0.005 0.006 0.004 
0.21 0.56 0.54 0.92 0.90 0.94 
C 22:1 n9, 
% 
0.011 0.017 0.036 0.062 0.003 0.153 
0.82 0.74 0.48 0.22 0.96 <0.01 
C 22:4 n6, 
% 
0.199 0.012 0.099 -0.028 0.047 -0.060 
<0.0001 0.81 0.05 0.59 0.35 0.24 
C 22:5, % 
0.085 -0.063 0.023 0.035 0.101 0.000 
0.09 0.22 0.65 0.50 0.05 1.00 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio 
of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table D.21. Lean production focus population Pearson correlation coefficients of 














-0.196 -0.017 -0.317 0.006 0.144 -0.065 




-0.216 -0.004 -0.335 -0.081 0.194 -0.051 




-0.229 0.033 -0.329 -0.013 0.123 -0.096 
<0.0001 0.51 <0.0001 0.80 0.02 0.06 
SFA 
0.293 -0.120 0.451 0.027 -0.221 0.123 
<0.0001 0.02 <0.0001 0.59 <0.0001 0.02 
MUFA 
-0.239 0.177 -0.397 -0.024 0.255 -0.091 
<0.0001 <0.01 <0.0001 0.64 <0.0001 0.07 
PUFA 
-0.010 -0.118 0.030 0.002 -0.108 -0.018 
0.85 0.02 0.56 0.97 0.03 0.73 
USFA:SFA 
-0.279 0.114 -0.440 -0.022 0.227 -0.113 
<0.0001 0.02 <0.0001 0.67 <0.0001 0.03 
PUFA:SFA 
-0.191 -0.005 -0.273 -0.015 0.078 -0.089 
<0.01 0.92 <0.0001 0.77 0.13 0.08 
C 14:0, % 
0.156 0.017 0.254 0.081 -0.112 0.106 
<0.01 0.73 <0.0001 0.11 0.03 0.04 
C 15:0, % 
-0.055 -0.079 0.110 0.073 0.005 -0.002 
0.28 0.12 0.03 0.15 0.93 0.97 
C 16:0, % 
0.188 0.003 0.273 0.066 -0.094 0.104 
<0.01 0.96 <0.0001 0.20 0.06 0.04 
C 16:1, % 
-0.170 0.158 -0.322 0.046 0.168 -0.092 
<0.01 <0.01 <0.0001 0.37 <0.01 0.07 
C 17:0, % 
-0.038 -0.060 -0.195 0.077 0.069 -0.035 
0.45 0.23 <0.01 0.13 0.18 0.49 
C 17:1, % 
-0.020 -0.006 -0.110 -0.005 -0.039 -0.094 
0.70 0.91 0.03 0.93 0.45 0.06 
C 18:0, % 
0.282 -0.162 0.451 -0.008 -0.243 0.103 
<0.0001 <0.01 <0.0001 0.88 <0.0001 0.04 
C 18:1 n9, 
% 
-0.244 0.178 -0.394 -0.032 0.267 -0.082 
<0.0001 <0.01 <0.0001 0.53 <0.0001 0.11 
C 18:2 n6, 
% 
-0.014 -0.108 0.016 0.010 -0.086 -0.013 
0.79 0.03 0.75 0.85 0.09 0.80 
C 18:3 n6, 
% 
0.046 -0.044 0.073 0.040 -0.029 0.006 
0.37 0.39 0.15 0.43 0.58 0.91 
C 18:3 n3, 
% 
0.026 -0.166 0.153 -0.049 -0.262 -0.025 
0.61 <0.01 <0.01 0.33 <0.0001 0.63 
C 20:0, % 
0.150 -0.007 0.251 -0.041 -0.047 0.067 






Table D.21. Continued. Lean production focus population Pearson correlation 









Variable L* a* b* L* a* b* 
C 20:1 n9, 
% 
0.152 -0.136 0.160 -0.038 -0.235 -0.039 
<0.01 0.01 <0.01 0.45 <0.0001 0.44 
C 20:2 n6, 
% 
0.053 -0.155 0.131 -0.065 -0.224 -0.056 
0.29 <0.01 0.01 0.20 <0.0001 0.27 
C 20:3 n6, 
% 
-0.064 -0.070 -0.095 -0.012 -0.096 -0.092 
0.21 0.17 0.06 0.82 0.06 0.07 
C 20:4 n6, 
% 
-0.194 0.013 -0.200 -0.046 0.042 -0.076 
<0.01 0.80 <0.0001 0.36 0.40 0.14 
C 20:3 n3, 
% 
0.048 -0.119 0.119 -0.046 -0.234 -0.051 
0.35 0.02 0.02 0.37 <0.0001 0.32 
C 20:5 n3, 
% 
0.086 -0.059 0.095 0.075 -0.030 0.044 
0.09 0.25 0.06 0.14 0.56 0.39 
C 22:0, % 
-0.039 -0.003 -0.024 -0.006 0.018 0.001 
0.44 0.95 0.63 0.91 0.73 0.99 
C 22:1 n9, 
% 
0.061 -0.086 0.132 0.012 -0.065 0.033 
0.23 0.09 0.01 0.82 0.20 0.51 
C 22:4 n6, 
% 
0.083 -0.110 0.256 -0.025 -0.288 -0.015 
0.10 0.03 <0.0001 0.63 <0.0001 0.77 
C 22:5, % 
0.065 -0.130 0.152 -0.037 -0.119 0.035 
0.20 0.01 <0.01 0.47 0.02 0.49 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. 
MUFA = monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. 
USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental loin 






Table D.22. Lean production focus population Pearson correlation coefficients of ham weights with iodine 
























-0.125 -0.134 0.044 0.192 0.228 0.131 0.100 0.159 




-0.148 -0.169 -0.018 0.105 0.150 0.044 0.007 0.065 




-0.157 -0.166 -0.013 0.148 0.215 0.114 0.045 0.201 
<0.01 <0.01 0.80 <0.01 <0.0001 0.02 0.37 <0.0001 
SFA 
0.272 0.267 0.154 -0.029 -0.157 -0.033 0.005 -0.195 
<0.0001 <0.0001 <0.01 0.57 <0.01 0.52 0.93 <0.0001 
MUFA 
-0.303 -0.285 -0.271 -0.136 0.014 -0.086 -0.065 0.108 
<0.0001 <0.0001 <0.0001 0.01 0.78 0.09 0.20 0.03 
PUFA 
0.113 0.091 0.216 0.247 0.183 0.175 0.093 0.086 
0.02 0.07 <0.0001 <0.0001 <0.01 <0.01 0.06 0.09 
USFA:SFA 
-0.284 -0.274 -0.167 0.007 0.132 0.013 -0.020 0.182 
<0.0001 <0.0001 <0.01 0.90 0.01 0.80 0.69 <0.01 
PUFA:SFA 
-0.118 -0.126 0.029 0.167 0.206 0.118 0.047 0.175 
0.02 0.01 0.56 <0.01 <0.0001 0.02 0.35 <0.01 
C 14:0, % 
0.062 0.041 -0.049 -0.164 -0.241 -0.179 -0.079 -0.136 
0.21 0.41 0.33 <0.01 <0.0001 <0.01 0.12 0.01 
C 15:0, % 
-0.010 -0.026 0.017 0.079 0.075 0.057 0.007 0.147 
0.84 0.61 0.74 0.12 0.14 0.25 0.89 <0.01 
C 16:0, % 
0.073 0.070 -0.043 -0.154 -0.218 -0.147 -0.048 -0.206 
0.14 0.16 0.39 <0.01 <0.0001 <0.01 0.34 <0.0001 
C 16:1, % 
-0.314 -0.313 -0.290 -0.168 -0.058 -0.128 -0.075 0.060 
<0.0001 <0.0001 <0.0001 <0.01 0.25 0.01 0.14 0.23 
C 17:0, % 
-0.195 -0.202 -0.119 -0.029 0.026 0.003 0.044 0.039 
<0.0001 <0.0001 0.02 0.56 0.61 0.95 0.39 0.44 
C 17:1, % 
0.000 0.012 0.060 0.121 0.120 0.114 0.074 -0.054 
0.99 0.81 0.23 0.02 0.02 0.02 0.14 0.28 
C 18:0, % 
0.331 0.328 0.240 0.056 -0.080 0.047 0.036 -0.146 
<0.0001 <0.0001 <0.0001 0.27 0.11 0.35 0.47 <0.01 
C 18:1 n9, 
% 
-0.295 -0.276 -0.264 -0.132 0.019 -0.082 -0.065 0.115 
<0.0001 <0.0001 <0.0001 0.01 0.70 0.10 0.20 0.02 
C 18:2 n6, 
% 
0.098 0.076 0.203 0.244 0.187 0.175 0.095 0.096 
0.05 0.13 <0.0001 <0.0001 <0.01 <0.01 0.06 0.06 
C 18:3 n6, 
% 
0.013 0.018 0.033 0.080 0.036 0.099 0.023 0.003 






Table D.22. Continued. Lean production focus population Pearson correlation coefficients of ham weights 





















C 18:3 n3, 
% 
0.199 0.183 0.261 0.201 0.104 0.124 0.074 -0.017 
<0.0001 <0.01 <0.0001 <0.0001 0.04 0.01 0.14 0.74 
C 20:0, % 
0.096 0.123 0.018 -0.104 -0.152 -0.059 -0.047 -0.132 
0.06 0.01 0.72 0.04 <0.01 0.24 0.35 0.01 
C 20:1 n9, 
% 
0.152 0.170 0.122 0.038 -0.001 0.021 0.030 -0.063 
<0.01 <0.01 0.02 0.46 0.98 0.68 0.56 0.21 
C 20:2 n6, 
% 
0.231 0.221 0.274 0.227 0.139 0.135 0.046 0.001 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 0.01 0.36 0.99 
C 20:3 n6, 
% 
-0.034 -0.046 0.074 0.140 0.127 0.102 0.024 0.063 
0.49 0.36 0.14 0.01 0.01 0.04 0.63 0.21 
C 20:4 n6, 
% 
-0.145 -0.168 -0.065 0.057 0.023 -0.010 -0.022 0.063 
<0.01 <0.01 0.20 0.26 0.64 0.85 0.66 0.21 
C 20:3 n3, 
% 
0.184 0.180 0.213 0.093 0.035 0.061 0.021 -0.051 
<0.01 <0.01 <0.0001 0.07 0.49 0.22 0.68 0.31 
C 20:5 n3, 
% 
0.088 0.087 0.100 0.144 0.102 0.062 0.040 -0.016 
0.08 0.08 0.05 <0.01 0.04 0.22 0.43 0.75 
C 22:0, % 
0.038 0.035 0.019 0.070 0.030 0.029 -0.008 0.028 
0.44 0.49 0.70 0.17 0.55 0.56 0.87 0.58 
C 22:1 n9, 
% 
0.188 0.187 0.214 0.168 0.101 0.194 0.110 0.025 
<0.01 <0.01 <0.0001 <0.01 0.04 <0.0001 0.03 0.62 
C 22:4 n6, 
% 
0.192 0.166 0.180 0.060 -0.072 0.005 0.008 -0.094 
<0.01 <0.01 <0.01 0.24 0.15 0.92 0.87 0.06 
C 22:5, % 
0.181 0.174 0.161 0.034 -0.022 0.079 0.085 -0.043 
<0.01 <0.01 <0.01 0.50 0.66 0.12 0.09 0.39 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 





Table D.23. Lean production focus population Pearson correlation coefficients of gluteus profundus, gluteus medius, 















0.108 -0.040 0.031 0.072 -0.005 -0.029 -0.028 0.072 0.100 




0.109 -0.085 0.027 0.033 0.038 -0.024 -0.037 0.042 0.084 




0.185 -0.023 0.082 0.022 0.078 -0.054 -0.029 0.088 0.099 
<0.01 0.65 0.11 0.67 0.13 0.29 0.57 0.08 0.05 
SFA 
-0.255 0.127 -0.263 -0.040 -0.119 -0.110 0.054 -0.055 -0.062 
<0.0001 0.01 <0.0001 0.44 0.02 0.03 0.28 0.27 0.22 
MUFA 
0.242 -0.195 0.374 0.049 0.123 0.259 -0.058 -0.005 -0.006 
<0.0001 <0.01 <0.0001 0.33 0.02 <0.0001 0.25 0.92 0.90 
PUFA 
-0.041 0.138 -0.238 -0.024 -0.034 -0.259 0.019 0.080 0.091 
0.42 0.01 <0.0001 0.64 0.51 <0.0001 0.70 0.11 0.07 
USFA:SFA 
0.265 -0.129 0.268 0.047 0.124 0.113 -0.048 0.049 0.057 
<0.0001 0.01 <0.0001 0.36 0.02 0.03 0.34 0.33 0.26 
PUFA:SFA 
0.147 0.001 0.022 0.010 0.055 -0.099 -0.018 0.082 0.095 
<0.01 0.98 0.67 0.84 0.28 0.05 0.72 0.10 0.06 
C 14:0, % 
-0.014 0.008 0.051 0.059 0.015 0.112 0.050 -0.033 0.015 
0.78 0.87 0.31 0.25 0.77 0.03 0.32 0.51 0.77 
C 15:0, % 
0.019 0.037 -0.029 0.062 0.001 -0.019 0.199 0.030 0.183 
0.70 0.47 0.57 0.22 0.99 0.71 <0.0001 0.56 <0.01 
C 16:0, % 
-0.178 -0.002 -0.030 -0.010 -0.118 0.064 0.037 -0.090 -0.047 
<0.01 0.96 0.56 0.85 0.02 0.21 0.46 0.07 0.35 
C 16:1, % 
0.200 -0.155 0.325 0.049 0.143 0.225 -0.045 -0.032 0.028 






Table D.23. Continued. Lean production focus population Pearson correlation coefficients of gluteus profundus, 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.099 -0.118 0.043 -0.040 -0.024 -0.030 0.035 -0.107 -0.007 
0.05 0.02 0.40 0.44 0.64 0.55 0.48 0.03 0.88 
C 17:1, % 
-0.224 0.015 -0.058 -0.101 -0.132 -0.009 -0.039 -0.027 0.041 
<0.0001 0.76 0.25 0.05 0.01 0.85 0.44 0.59 0.42 
C 18:0, % 
-0.249 0.175 -0.343 -0.051 -0.097 -0.190 0.045 -0.020 -0.063 
<0.0001 <0.01 <0.0001 0.32 0.06 <0.01 0.38 0.69 0.21 
C 18:1 n9, 
% 
0.249 -0.196 0.374 0.049 0.122 0.256 -0.056 0.000 -0.013 
<0.0001 <0.01 <0.0001 0.34 0.02 <0.0001 0.27 0.99 0.79 
C 18:2 n6, 
% 
-0.029 0.134 -0.226 -0.018 -0.030 -0.256 0.021 0.081 0.097 
0.57 0.01 <0.0001 0.72 0.56 <0.0001 0.68 0.11 0.05 
C 18:3 n6, 
% 
-0.086 0.158 -0.162 -0.059 0.096 -0.108 -0.008 0.074 0.036 
0.09 <0.01 <0.01 0.25 0.06 0.04 0.88 0.14 0.48 
C 18:3 n3, 
% 
-0.142 0.143 -0.263 -0.084 -0.126 -0.250 0.001 0.077 0.009 
0.01 <0.01 <0.0001 0.10 0.01 <0.0001 0.99 0.13 0.86 
C 20:0, % 
-0.190 0.082 -0.164 -0.103 -0.047 -0.042 -0.031 -0.019 -0.065 
<0.01 0.11 <0.01 0.04 0.36 0.41 0.54 0.71 0.20 
C 20:1 n9, 
% 
-0.061 0.057 -0.174 0.071 -0.084 -0.073 -0.009 0.014 0.025 
0.23 0.27 <0.01 0.16 0.10 0.16 0.86 0.77 0.62 
C 20:2 n6, 
% 
-0.105 0.108 -0.273 0.021 -0.058 -0.171 0.005 0.028 0.044 
0.04 0.03 <0.0001 0.68 0.26 <0.01 0.92 0.57 0.38 
C 20:3 n6, 
% 
0.079 -0.030 0.005 0.007 -0.020 -0.071 0.006 0.003 -0.018 
0.12 0.56 0.92 0.90 0.70 0.17 0.91 0.95 0.72 
C 20:4 n6, 
% 
0.074 -0.016 0.062 -0.090 0.044 -0.093 -0.031 0.051 0.007 






Table D.23. Continued. Lean production focus population Pearson correlation coefficients of gluteus profundus, 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
-0.057 0.064 -0.121 -0.032 0.038 -0.079 0.023 -0.003 -0.032 
0.26 0.21 0.02 0.53 0.46 0.12 0.65 0.96 0.53 
C 20:5 n3, 
% 
-0.003 0.039 0.002 0.029 -0.023 -0.002 0.059 0.011 0.037 
0.96 0.44 0.97 0.58 0.65 0.97 0.24 0.83 0.46 
C 22:0, % 
-0.058 0.062 -0.008 -0.013 -0.004 -0.020 0.013 0.035 0.094 
0.26 0.23 0.87 0.80 0.94 0.69 0.80 0.48 0.06 
C 22:1 n9, 
% 
-0.085 0.112 -0.075 -0.029 -0.015 -0.052 0.063 -0.023 -0.040 
0.09 0.03 0.14 0.57 0.76 0.31 0.21 0.65 0.43 
C 22:4 n6, 
% 
-0.152 0.122 -0.237 -0.104 0.007 -0.169 0.013 -0.004 -0.042 
<0.01 0.02 <0.0001 0.04 0.90 <0.01 0.80 0.93 0.41 
C 22:5, % 
-0.177 0.088 -0.136 -0.112 -0.044 -0.038 0.011 0.027 -0.039 
<0.01 0.08 0.01 0.03 0.39 0.45 0.82 0.59 0.44 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh hams was determined on one measure per muscle. Instrumental color for the gluteus profundus and gluteus 
medius were measured on the ham face and instrumental color for the semimembranosus was measured on the blonde 





Table D.24. Lean production focus population Pearson correlation coefficients of adductor and semitendinosus light 















0.008 0.065 0.073 -0.306 0.049 -0.322 -0.036 -0.120 -0.075 




-0.074 0.070 0.055 -0.372 0.097 -0.352 -0.037 -0.186 -0.116 




-0.028 0.119 0.093 -0.294 0.089 -0.280 -0.031 -0.137 -0.072 
0.58 0.02 0.06 <0.0001 0.07 <0.0001 0.53 0.01 0.15 
SFA 
0.023 -0.091 -0.117 0.459 -0.219 0.363 -0.079 0.272 0.042 
0.64 0.07 0.02 <0.0001 <0.0001 <0.0001 0.12 <0.0001 0.40 
MUFA 
-0.004 0.027 0.104 -0.465 0.292 -0.303 0.178 -0.315 0.016 
0.93 0.60 0.04 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.74 
PUFA 
-0.025 0.078 -0.009 0.120 -0.164 -0.004 -0.171 0.132 -0.079 
0.62 0.12 0.87 0.02 <0.01 0.93 <0.01 0.01 0.11 
USFA:SFA 
-0.016 0.092 0.115 -0.447 0.221 -0.350 0.080 -0.264 -0.042 
0.75 0.07 0.02 <0.0001 <0.0001 <0.0001 0.11 <0.0001 0.40 
PUFA:SFA 
-0.030 0.109 0.063 -0.216 0.039 -0.234 -0.063 -0.089 -0.086 
0.55 0.03 0.21 <0.0001 0.44 <0.0001 0.21 0.08 0.09 
C 14:0, % 
0.047 -0.004 -0.010 0.197 -0.017 0.218 0.037 0.156 0.137 
0.35 0.93 0.85 <0.0001 0.74 <0.0001 0.46 <0.01 0.01 
C 15:0, % 
0.034 0.006 0.137 -0.045 -0.027 -0.083 -0.024 -0.040 -0.008 
0.50 0.90 0.01 0.37 0.59 0.10 0.63 0.42 0.87 
C 16:0, % 
0.060 -0.108 -0.051 0.216 -0.079 0.209 0.029 0.122 0.088 
0.23 0.03 0.31 <0.0001 0.12 <0.0001 0.56 0.01 0.08 
C 16:1, % 
0.043 0.028 0.129 -0.391 0.223 -0.273 0.161 -0.233 0.046 






Table D.24. Continued. Lean production focus population Pearson correlation coefficients of adductor and 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.012 -0.003 -0.008 -0.128 -0.016 -0.171 -0.028 -0.078 -0.033 
0.82 0.95 0.87 0.01 0.75 <0.01 0.58 0.12 0.51 
C 17:1, % 
0.032 -0.122 -0.031 -0.086 -0.111 -0.161 -0.048 -0.085 -0.103 
0.52 0.01 0.54 0.09 0.03 <0.01 0.34 0.09 0.04 
C 18:0, % 
-0.005 -0.063 -0.132 0.496 -0.251 0.371 -0.124 0.295 0.001 
0.92 0.21 0.01 <0.0001 <0.0001 <0.0001 0.01 <0.0001 0.98 
C 18:1 n9, 
% 
-0.012 0.032 0.101 -0.462 0.298 -0.296 0.176 -0.314 0.014 
0.81 0.52 0.04 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.78 
C 18:2 n6, 
% 
-0.019 0.085 0.003 0.101 -0.151 -0.015 -0.169 0.125 -0.079 
0.70 0.09 0.95 0.04 <0.01 0.77 <0.01 0.01 0.12 
C 18:3 n6, 
% 
0.024 -0.039 -0.075 0.115 -0.112 0.016 -0.038 -0.003 -0.104 
0.64 0.44 0.14 0.02 0.03 0.75 0.45 0.96 0.04 
C 18:3 n3, 
% 
-0.046 0.009 -0.080 0.231 -0.227 0.077 -0.186 0.170 -0.068 
0.36 0.85 0.11 <0.0001 <0.0001 0.12 <0.01 <0.01 0.18 
C 20:0, % 
0.000 -0.042 -0.082 0.270 -0.111 0.225 0.008 0.151 0.070 
1.00 0.41 0.10 <0.0001 0.03 <0.0001 0.88 <0.01 0.16 
C 20:1 n9, 
% 
-0.001 -0.067 -0.091 0.239 -0.114 0.193 -0.015 0.091 0.030 
0.99 0.18 0.07 <0.0001 0.02 <0.01 0.76 0.07 0.55 
C 20:2 n6, 
% 
-0.067 0.011 -0.086 0.255 -0.213 0.122 -0.124 0.172 -0.009 
0.18 0.83 0.09 <0.0001 <0.0001 0.01 0.01 <0.01 0.86 
C 20:3 n6, 
% 
-0.043 0.058 -0.009 -0.091 -0.023 -0.159 -0.055 -0.061 -0.114 
0.39 0.25 0.86 0.07 0.65 <0.01 0.27 0.22 0.02 
C 20:4 n6, 
% 
-0.044 0.087 0.030 -0.170 0.071 -0.162 -0.041 -0.098 -0.102 






Table D.24. Continued. Lean production focus population Pearson correlation coefficients of adductor and 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
-0.063 -0.020 -0.089 0.209 -0.168 0.068 -0.036 0.110 0.013 
0.21 0.69 0.08 <0.0001 <0.01 0.17 0.47 0.03 0.80 
C 20:5 n3, 
% 
0.046 -0.021 -0.015 0.052 -0.072 -0.014 -0.013 0.077 0.086 
0.36 0.67 0.77 0.31 0.15 0.78 0.80 0.12 0.09 
C 22:0, % 
-0.027 0.041 0.000 0.042 -0.071 -0.017 0.022 -0.044 -0.043 
0.60 0.41 1.00 0.40 0.16 0.74 0.67 0.38 0.39 
C 22:1 n9, 
% 
-0.022 -0.025 -0.066 0.109 -0.052 0.064 0.018 0.079 0.004 
0.67 0.62 0.19 0.03 0.30 0.20 0.72 0.12 0.93 
C 22:4 n6, 
% 
0.001 0.004 -0.069 0.311 -0.176 0.185 -0.117 0.199 -0.024 
0.99 0.94 0.17 <0.0001 <0.01 <0.01 0.02 <0.0001 0.64 
C 22:5, % 
-0.016 -0.086 -0.128 0.218 -0.175 0.071 -0.026 0.063 -0.028 
0.75 0.08 0.01 <0.0001 <0.01 0.16 0.60 0.21 0.57 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 
measured on: the adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur 





Table D.25. Lean production focus population Pearson correlation coefficients of biceps femoris, vastus lateralis, and 
rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2









Variable L* a* b* L* a* b* L* a* b* 
Bruker 
measured IV 
-0.030 0.017 0.013 -0.020 0.051 0.053 -0.010 -0.041 0.073 
0.55 0.74 0.80 0.68 0.31 0.28 0.85 0.41 0.14 
NitFOM 
measured IV 
-0.107 0.008 -0.004 -0.084 0.071 0.046 -0.111 0.008 0.054 




-0.071 0.105 0.074 -0.017 0.075 0.079 0.007 -0.018 0.085 
0.16 0.04 0.14 0.73 0.14 0.12 0.89 0.72 0.09 
SFA 
0.095 -0.135 -0.122 0.094 -0.144 -0.070 0.048 0.007 -0.060 
0.06 0.01 0.02 0.06 <0.01 0.16 0.34 0.89 0.23 
MUFA 
-0.084 0.118 0.133 -0.141 0.169 0.034 -0.093 0.016 0.007 
0.09 0.02 0.01 <0.01 <0.01 0.50 0.07 0.75 0.89 
PUFA 
0.007 -0.006 -0.046 0.095 -0.073 0.040 0.081 -0.033 0.069 
0.89 0.91 0.36 0.06 0.15 0.43 0.11 0.51 0.17 
USFA:SFA 
-0.088 0.133 0.122 -0.096 0.152 0.067 -0.043 -0.004 0.059 
0.08 0.01 0.02 0.06 <0.01 0.18 0.39 0.94 0.24 
PUFA:SFA 
-0.053 0.079 0.044 0.001 0.052 0.071 0.022 -0.020 0.085 
0.29 0.11 0.38 0.99 0.30 0.16 0.66 0.69 0.09 
C 14:0, % 
0.066 -0.060 0.006 0.007 0.003 -0.059 -0.072 0.103 -0.104 
0.19 0.23 0.91 0.89 0.96 0.24 0.15 0.04 0.04 
C 15:0, % 
-0.010 0.054 0.036 -0.017 -0.008 0.013 0.010 0.041 0.021 
0.85 0.28 0.47 0.73 0.87 0.80 0.85 0.41 0.67 
C 16:0, % 
0.076 -0.141 -0.067 0.031 -0.099 -0.085 -0.034 0.024 -0.078 
0.13 <0.01 0.18 0.54 0.05 0.09 0.49 0.63 0.12 
C 16:1, % 
-0.054 0.073 0.129 -0.133 0.165 -0.011 -0.078 0.024 -0.024 






Table D.25. Continued. Lean production focus population Pearson correlation coefficients of biceps femoris, vastus 
lateralis, and rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.012 -0.072 -0.031 0.048 -0.044 0.073 0.074 -0.083 0.108 
0.81 0.15 0.54 0.33 0.38 0.14 0.14 0.10 0.03 
C 17:1, % 
0.040 -0.103 -0.072 0.018 -0.087 -0.016 0.057 -0.131 0.039 
0.43 0.04 0.15 0.72 0.08 0.75 0.26 0.01 0.44 
C 18:0, % 
0.083 -0.102 -0.128 0.110 -0.141 -0.048 0.086 -0.009 -0.036 
0.10 0.04 0.01 0.03 <0.01 0.34 0.09 0.86 0.48 
C 18:1 n9, % 
-0.089 0.124 0.131 -0.134 0.167 0.043 -0.094 0.022 0.012 
0.08 0.01 0.01 0.01 <0.01 0.39 0.06 0.66 0.82 
C 18:2 n6, % 
0.006 0.002 -0.036 0.100 -0.071 0.045 0.084 -0.031 0.074 
0.91 0.97 0.48 0.05 0.16 0.38 0.09 0.54 0.14 
C 18:3 n6, % 
-0.038 0.088 0.006 0.060 0.010 0.072 0.066 0.034 0.094 
0.44 0.08 0.91 0.23 0.84 0.15 0.19 0.50 0.06 
C 18:3 n3, % 
0.023 -0.110 -0.146 0.054 -0.084 -0.006 0.033 -0.054 0.003 
0.65 0.03 <0.01 0.28 0.10 0.90 0.52 0.28 0.95 
C 20:0, % 
0.031 0.007 -0.041 -0.037 0.020 -0.042 -0.021 0.037 -0.075 
0.54 0.88 0.42 0.46 0.70 0.40 0.67 0.46 0.14 
C 20:1 n9, % 
0.060 0.014 -0.003 -0.087 -0.036 -0.107 0.017 -0.091 -0.060 
0.23 0.78 0.95 0.08 0.47 0.03 0.74 0.07 0.23 
C 20:2 n6, % 
0.036 -0.032 -0.068 0.005 -0.093 -0.067 0.025 -0.050 -0.028 
0.47 0.52 0.17 0.92 0.06 0.18 0.62 0.32 0.57 
C 20:3 n6, % 
-0.042 -0.038 -0.062 -0.010 0.013 0.104 -0.017 -0.052 0.024 
0.41 0.45 0.22 0.83 0.80 0.04 0.74 0.30 0.64 
C 20:4 n6, % 
-0.113 0.028 -0.041 0.020 0.057 0.095 0.019 0.017 0.094 






Table D.25. Continued. Lean production focus population Pearson correlation coefficients of biceps femoris, vastus 
lateralis, and rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, % 
0.031 -0.044 -0.055 -0.032 -0.055 -0.033 -0.047 -0.040 -0.052 
0.54 0.38 0.27 0.52 0.27 0.52 0.35 0.43 0.30 
C 20:5 n3, % 
0.049 0.041 0.022 0.114 -0.073 0.036 0.040 0.046 0.075 
0.33 0.41 0.66 0.02 0.15 0.47 0.43 0.36 0.14 
C 22:0, % 
-0.011 0.022 0.018 0.012 0.007 0.049 -0.001 -0.021 0.033 
0.83 0.67 0.72 0.80 0.89 0.33 0.99 0.67 0.51 
C 22:1 n9, % 
0.047 -0.046 -0.060 0.055 -0.085 -0.024 0.036 0.031 0.035 
0.35 0.36 0.24 0.28 0.09 0.63 0.48 0.54 0.49 
C 22:4 n6, % 
0.056 -0.120 -0.125 0.016 -0.019 -0.043 -0.027 0.047 -0.054 
0.27 0.02 0.01 0.76 0.70 0.39 0.59 0.35 0.28 
C 22:5, % 
0.016 -0.071 -0.102 0.073 -0.026 0.043 0.074 -0.032 0.060 
0.74 0.16 0.04 0.15 0.61 0.39 0.14 0.53 0.23 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on 
fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was measured 





Table D.26. Lean production focus population Pearson correlation coefficients of ham muscle pH with iodine value and 

























-0.124 -0.163 -0.030 -0.096 -0.093 -0.040 -0.062 




-0.008 -0.064 0.112 0.010 0.023 0.055 -0.017 




-0.112 -0.175 -0.056 -0.120 -0.103 -0.060 -0.088 
0.03 <0.01 0.26 0.02 0.04 0.23 0.08 
SFA 
0.138 0.226 0.093 0.205 0.130 0.095 0.132 
0.01 <0.0001 0.06 <0.0001 0.01 0.06 0.01 
MUFA 
-0.118 -0.201 -0.109 -0.229 -0.112 -0.100 -0.131 
0.02 <0.0001 0.03 <0.0001 0.03 0.05 0.01 
PUFA 
0.003 0.015 0.046 0.087 0.004 0.030 0.030 
0.96 0.77 0.36 0.08 0.94 0.55 0.55 
USFA:SFA 
-0.137 -0.228 -0.093 -0.205 -0.130 -0.096 -0.131 
0.01 <0.0001 0.06 <0.0001 0.01 0.06 0.01 
PUFA:SFA 
-0.087 -0.140 -0.029 -0.077 -0.082 -0.042 -0.066 
0.08 0.01 0.57 0.13 0.10 0.41 0.19 
C 14:0, % 
0.117 0.167 0.086 0.110 0.130 0.111 0.161 
0.02 <0.01 0.09 0.03 0.01 0.03 <0.01 
C 15:0, % 
-0.080 -0.108 -0.085 -0.084 -0.070 -0.070 -0.041 
0.11 0.03 0.09 0.09 0.16 0.16 0.41 
C 16:0, % 
0.073 0.140 0.043 0.089 0.087 0.054 0.079 
0.15 0.01 0.40 0.08 0.08 0.28 0.12 
C 16:1, % 
-0.092 -0.139 -0.056 -0.178 -0.052 -0.047 -0.050 






Table D.26. Continued. Lean production focus population Pearson correlation coefficients of ham muscle pH with 




























C 17:0, % 
-0.095 -0.115 -0.062 -0.077 -0.054 -0.037 -0.017 
0.06 0.02 0.21 0.13 0.28 0.47 0.74 
C 17:1, % 
-0.044 -0.025 0.006 0.000 -0.043 -0.042 -0.049 
0.38 0.62 0.91 0.99 0.39 0.41 0.33 
C 18:0, % 
0.144 0.226 0.102 0.226 0.124 0.095 0.127 
<0.01 <0.0001 0.04 <0.0001 0.01 0.06 0.01 
C 18:1 n9, 
% 
-0.120 -0.206 -0.117 -0.233 -0.120 -0.106 -0.139 
0.02 <0.0001 0.02 <0.0001 0.02 0.03 0.01 
C 18:2 n6, 
% 
-0.013 -0.004 0.030 0.067 -0.010 0.019 0.021 
0.80 0.93 0.54 0.18 0.84 0.71 0.68 
C 18:3 n6, 
% 
-0.021 -0.010 0.000 0.035 -0.035 -0.043 -0.006 
0.68 0.84 1.00 0.49 0.49 0.39 0.91 
C 18:3 n3, 
% 
0.121 0.163 0.142 0.218 0.111 0.127 0.092 
0.02 <0.01 <0.01 <0.0001 0.03 0.01 0.07 
C 20:0, % 
0.086 0.123 0.062 0.086 0.074 0.067 0.087 
0.09 0.01 0.21 0.09 0.14 0.18 0.08 
C 20:1 n9, 
% 
0.129 0.159 0.121 0.156 0.131 0.108 0.082 
0.01 <0.01 0.02 <0.01 0.01 0.03 0.10 
C 20:2 n6, 
% 
0.120 0.154 0.160 0.204 0.110 0.104 0.088 
0.02 <0.01 <0.01 <0.0001 0.03 0.04 0.08 
C 20:3 n6, 
% 
0.015 -0.009 0.045 0.047 0.030 0.032 0.010 
0.76 0.87 0.38 0.36 0.55 0.53 0.84 
C 20:4 n6, 
% 
-0.046 -0.103 -0.036 -0.067 -0.071 -0.056 -0.054 






Table D.26. Continued. Lean production focus population Pearson correlation coefficients of ham muscle pH with 




























C 20:3 n3, 
% 
0.176 0.198 0.162 0.192 0.159 0.132 0.127 
<0.01 <0.0001 <0.01 <0.01 <0.01 0.01 0.01 
C 20:5 n3, 
% 
-0.029 -0.033 -0.038 -0.028 -0.031 -0.035 -0.051 
0.57 0.52 0.45 0.58 0.54 0.49 0.31 
C 22:0, % 
0.044 -0.028 -0.026 -0.024 -0.049 -0.041 -0.003 
0.38 0.58 0.60 0.64 0.33 0.41 0.95 
C 22:1 n9, 
% 
0.001 0.025 -0.002 0.043 0.015 0.015 -0.021 
0.99 0.62 0.98 0.39 0.76 0.76 0.68 
C 22:4 n6, 
% 
0.148 0.214 0.187 0.244 0.157 0.174 0.201 
<0.01 <0.0001 <0.01 <0.0001 <0.01 <0.01 <0.0001 
C 22:5, % 
0.059 0.144 0.098 0.146 0.059 0.043 0.045 
0.24 <0.01 0.05 <0.01 0.24 0.39 0.38 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 Ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 







Table D.27. Lean production focus population Pearson correlation coefficients of processed ham characteristics with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2
































0.157 0.156 0.029 0.154 0.022 0.183 0.125 0.176 0.174 0.116 




0.072 0.076 0.035 0.070 0.004 0.096 0.130 0.086 0.089 0.096 




0.155 0.167 0.072 0.164 0.068 0.179 0.141 0.159 0.160 0.099 
<0.01 <0.01 0.15 <0.01 0.17 <0.01 0.01 <0.01 <0.01 0.05 
SFA 
-0.036 -0.036 -0.014 -0.028 0.013 -0.053 -0.104 -0.045 -0.047 -0.092 
0.47 0.48 0.79 0.57 0.79 0.30 0.04 0.38 0.35 0.07 
MUFA 
-0.131 -0.146 -0.064 -0.155 -0.108 -0.129 0.019 -0.122 -0.119 0.040 
0.01 <0.01 0.20 <0.01 0.03 0.01 0.71 0.02 0.02 0.44 
PUFA 
0.248 0.271 0.117 0.276 0.149 0.267 0.106 0.247 0.245 0.058 
<0.0001 <0.0001 0.02 <0.0001 <0.01 <0.0001 0.04 <0.0001 <0.0001 0.25 
USFA:SFA 
0.012 0.012 0.011 0.005 -0.014 0.029 0.111 0.023 0.025 0.095 
0.81 0.82 0.82 0.92 0.78 0.57 0.03 0.66 0.62 0.06 
PUFA:SFA 
0.169 0.184 0.084 0.182 0.088 0.192 0.143 0.174 0.175 0.100 
<0.01 <0.01 0.10 <0.01 0.08 0.00 <0.01 <0.01 <0.01 0.05 
C 14:0, % 
-0.216 -0.209 -0.010 -0.212 -0.018 -0.221 -0.060 -0.236 -0.234 -0.130 
<0.0001 <0.0001 0.85 <0.0001 0.73 <0.0001 0.24 <0.0001 <0.0001 0.01 
C 15:0, % 
0.065 0.080 0.063 0.079 0.068 0.084 0.068 0.044 0.044 -0.044 
0.20 0.11 0.21 0.12 0.18 0.10 0.18 0.39 0.39 0.39 
C 16:0, % 
-0.185 -0.200 -0.084 -0.199 -0.088 -0.209 -0.135 -0.198 -0.195 -0.110 
<0.01 <0.0001 0.10 <0.0001 0.08 <0.0001 0.01 <0.0001 <0.01 0.03 
C 16:1, % 
-0.190 -0.190 -0.017 -0.201 -0.060 -0.177 0.064 -0.177 -0.172 0.049 






Table D.27. Continued. Lean production focus population Pearson correlation coefficients of processed ham characteristics with 
iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2





























C 17:0, % 
-0.039 -0.032 0.018 -0.033 0.018 0.000 0.124 0.003 0.006 0.111 
0.44 0.53 0.72 0.52 0.72 1.00 0.01 0.95 0.91 0.03 
C 17:1, % 
0.092 0.074 -0.049 0.077 -0.048 0.092 -0.032 0.115 0.114 0.068 
0.07 0.14 0.33 0.13 0.34 0.07 0.53 0.02 0.03 0.18 
C 18:0, % 
0.066 0.075 0.027 0.084 0.066 0.057 -0.068 0.062 0.058 -0.058 
0.19 0.14 0.60 0.10 0.19 0.27 0.18 0.22 0.26 0.25 
C 18:1 n9, 
% 
-0.122 -0.140 -0.070 -0.148 -0.113 -0.122 0.015 -0.115 -0.112 0.034 
0.02 0.01 0.16 <0.01 0.02 0.02 0.77 0.02 0.03 0.50 
C 18:2 n6, 
% 
0.245 0.265 0.109 0.270 0.140 0.266 0.111 0.244 0.243 0.059 
<0.0001 <0.0001 0.03 <0.0001 0.01 <0.0001 0.03 <0.0001 <0.0001 0.24 
C 18:3 n6, 
% 
0.103 0.087 -0.034 0.094 -0.015 0.087 -0.021 0.070 0.073 -0.045 
0.04 0.08 0.50 0.06 0.77 0.09 0.68 0.17 0.15 0.38 
C 18:3 n3, 
% 
0.206 0.252 0.178 0.255 0.217 0.205 0.056 0.197 0.193 0.044 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 0.27 <0.0001 <0.01 0.38 
C 20:0, % 
-0.091 -0.106 -0.063 -0.099 -0.047 -0.109 -0.053 -0.096 -0.096 -0.035 
0.07 0.04 0.21 0.05 0.36 0.03 0.30 0.06 0.06 0.49 
C 20:1 n9, 
% 
0.058 0.086 0.096 0.086 0.109 0.048 -0.064 0.064 0.057 -0.019 
0.25 0.09 0.06 0.09 0.03 0.34 0.21 0.21 0.26 0.70 
C 20:2 n6, 
% 
0.232 0.252 0.094 0.255 0.119 0.221 -0.011 0.221 0.215 -0.001 
<0.0001 <0.0001 0.06 <0.0001 0.02 <0.0001 0.83 <0.0001 <0.0001 0.99 
C 20:3 n6, 
% 
0.143 0.176 0.134 0.177 0.154 0.166 0.082 0.175 0.172 0.099 
<0.01 <0.01 0.01 <0.01 <0.01 <0.01 0.11 <0.01 <0.01 0.05 
C 20:4 n6, 
% 
0.000 0.021 0.064 0.021 0.077 0.030 0.122 0.030 0.024 0.079 






Table D.27. Continued. Lean production focus population Pearson correlation coefficients of processed ham characteristics with 
iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2





























C 20:3 n3, 
% 
0.110 0.143 0.114 0.143 0.136 0.097 -0.021 0.107 0.099 0.000 
0.03 <0.01 0.02 <0.01 0.01 0.06 0.68 0.04 0.05 1.00 
C 20:5 n3, 
% 
0.119 0.096 -0.047 0.099 -0.048 0.103 -0.052 0.088 0.088 -0.065 
0.02 0.06 0.35 0.05 0.34 0.04 0.31 0.08 0.08 0.21 
C 22:0, % 
0.061 0.091 0.101 0.090 0.113 0.075 0.042 0.068 0.068 0.029 
0.23 0.07 0.04 0.07 0.02 0.14 0.42 0.18 0.18 0.56 
C 22:1 n9, 
% 
0.181 0.185 0.039 0.188 0.055 0.188 0.024 0.191 0.192 0.056 
<0.01 <0.01 0.44 <0.01 0.28 <0.01 0.64 <0.01 <0.01 0.27 
C 22:4 n6, 
% 
0.021 0.068 0.150 0.072 0.189 0.040 0.060 0.044 0.037 0.038 
0.68 0.17 <0.01 0.16 <0.01 0.43 0.24 0.38 0.47 0.45 
C 22:5, % 
0.055 0.078 0.071 0.079 0.087 0.053 -0.010 0.064 0.059 0.015 
0.27 0.12 0.16 0.12 0.08 0.29 0.85 0.21 0.24 0.76 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table D.28. Lean production focus population Pearson correlation coefficients of processed ham color, 











Variable L* a* b* 
Moisture, 







0.136 0.051 -0.070 -0.077 0.168 -0.227 -0.078 -0.137 




0.165 0.107 -0.073 -0.092 0.172 -0.221 -0.041 -0.104 




0.141 0.134 -0.025 -0.068 0.087 -0.120 -0.119 -0.151 
0.01 0.01 0.62 0.19 0.09 0.02 0.02 <0.01 
SFA 
-0.316 -0.198 0.027 0.108 -0.048 0.052 0.223 0.241 
<0.0001 <0.01 0.60 0.04 0.35 0.31 <0.0001 <0.0001 
MUFA 
0.400 0.196 -0.007 -0.106 -0.031 0.054 -0.250 -0.241 
<0.0001 <0.01 0.90 0.04 0.54 0.29 <0.0001 <0.0001 
PUFA 
-0.211 -0.048 -0.024 0.023 0.110 -0.150 0.094 0.059 
<0.0001 0.35 0.64 0.66 0.03 <0.01 0.07 0.25 
USFA:SFA 
0.321 0.191 -0.027 -0.112 0.041 -0.050 -0.217 -0.234 
<0.0001 <0.01 0.60 0.03 0.42 0.33 <0.0001 <0.0001 
PUFA:SFA 
0.069 0.097 -0.037 -0.061 0.102 -0.137 -0.078 -0.113 
0.18 0.06 0.47 0.24 0.04 0.01 0.13 0.03 
C 14:0, % 
0.095 -0.181 0.007 0.051 -0.060 0.072 0.069 0.088 
0.06 <0.01 0.89 0.32 0.24 0.16 0.18 0.08 
C 15:0, % 
0.064 0.037 0.039 -0.005 -0.047 -0.050 0.068 0.057 
0.21 0.47 0.44 0.92 0.36 0.32 0.18 0.26 
C 16:0, % 
-0.041 -0.155 0.004 0.073 -0.022 0.041 0.094 0.106 
0.42 <0.01 0.93 0.16 0.67 0.42 0.07 0.04 
C 16:1, % 
0.450 0.088 -0.053 -0.077 0.008 0.024 -0.241 -0.240 
<0.0001 0.09 0.30 0.14 0.88 0.64 <0.0001 <0.0001 
C 17:0, % 
0.094 0.074 -0.036 -0.017 0.117 -0.191 -0.025 -0.073 
0.07 0.15 0.48 0.74 0.02 <0.01 0.62 0.15 
C 17:1, % 
-0.055 -0.065 -0.119 -0.038 0.131 -0.133 0.024 -0.010 
0.28 0.21 0.02 0.46 0.01 0.01 0.64 0.85 
C 18:0, % 
-0.412 -0.174 0.033 0.104 -0.050 0.049 0.245 0.262 
<0.0001 <0.01 0.52 0.04 0.32 0.34 <0.0001 <0.0001 
C 18:1 n9, 
% 
0.387 0.211 0.007 -0.103 -0.041 0.056 -0.240 -0.231 
<0.0001 <0.0001 0.89 0.05 0.42 0.27 <0.0001 <0.0001 
C 18:2 n6, 
% 
-0.194 -0.037 -0.019 0.021 0.103 -0.152 0.091 0.055 
<0.01 0.47 0.71 0.68 0.04 <0.01 0.07 0.28 
C 18:3 n6, 
% 
-0.108 0.045 0.105 0.048 -0.041 0.008 0.112 0.116 





Table D.28. Continued. Lean production focus population Pearson correlation coefficients of processed 










Variable L* a* b* 
Moisture, 





C 18:3 n3, 
% 
-0.305 -0.128 -0.046 0.051 0.132 -0.137 0.133 0.102 
<0.0001 0.01 0.37 0.33 0.01 0.01 0.01 0.05 
C 20:0, % 
-0.197 -0.048 0.024 0.010 -0.101 0.157 0.085 0.126 
<0.01 0.35 0.64 0.85 0.05 <0.01 0.10 0.01 
C 20:1 n9, 
% 
-0.217 -0.105 -0.062 -0.056 0.002 0.160 -0.050 -0.012 
<0.0001 0.04 0.23 0.28 0.97 <0.01 0.33 0.82 
C 20:2 n6, 
% 
-0.287 -0.136 -0.068 0.005 0.078 0.002 0.054 0.055 
<0.0001 0.01 0.18 0.92 0.13 0.97 0.29 0.28 
C 20:3 n6, 
% 
-0.035 -0.012 -0.081 -0.018 0.199 -0.184 -0.052 -0.099 
0.49 0.81 0.12 0.72 <0.0001 <0.01 0.31 0.05 
C 20:4 n6, 
% 
0.050 0.124 -0.022 -0.010 0.129 -0.231 0.040 -0.016 
0.33 0.02 0.66 0.85 0.01 <0.0001 0.43 0.75 
C 20:3 n3, 
% 
-0.215 -0.158 -0.080 0.021 0.077 0.029 -0.014 -0.008 
<0.0001 <0.01 0.12 0.68 0.13 0.57 0.78 0.88 
C 20:5 n3, 
% 
0.047 -0.099 0.049 -0.007 -0.088 0.093 0.029 0.054 
0.36 0.05 0.34 0.89 0.08 0.07 0.57 0.29 
C 22:0, % 
-0.012 0.022 -0.028 -0.027 0.022 -0.012 0.008 0.005 
0.81 0.67 0.58 0.60 0.67 0.81 0.88 0.92 
C 22:1 n9, 
% 
-0.168 0.039 0.055 -0.026 0.059 -0.060 0.014 0.000 
<0.01 0.44 0.29 0.62 0.24 0.24 0.78 1.00 
C 22:4 n6, 
% 
-0.213 -0.175 -0.072 0.062 0.133 -0.067 0.090 0.075 
<0.0001 <0.01 0.16 0.23 0.01 0.19 0.08 0.14 
C 22:5, % 
-0.191 -0.036 0.012 -0.005 0.081 -0.029 0.056 0.049 
<0.01 0.48 0.82 0.92 0.11 0.57 0.28 0.34 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 
PUFA) to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids.
 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 










Table D.29. Lean production focus population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2



















-0.482 -0.608 -0.209 -0.036 0.023 -0.586 -0.472 -0.401 -0.584 




-0.476 -0.582 -0.292 -0.001 0.064 -0.555 -0.403 -0.388 -0.544 




-0.488 -0.566 -0.173 0.001 0.071 -0.503 -0.498 -0.344 -0.541 
<0.0001 <0.0001 <0.01 0.98 0.16 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.481 0.548 0.255 -0.122 -0.206 0.423 0.397 0.350 0.470 
<0.0001 <0.0001 <0.0001 0.02 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.280 -0.291 -0.252 0.210 0.287 -0.146 -0.112 -0.201 -0.185 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.03 <0.0001 <0.01 
PUFA 
-0.188 -0.259 0.062 -0.169 -0.180 -0.321 -0.340 -0.139 -0.322 
<0.01 <0.0001 0.23 <0.01 <0.01 <0.0001 <0.0001 0.01 <0.0001 
USFA:SFA 
-0.488 -0.542 -0.262 0.115 0.217 -0.421 -0.391 -0.347 -0.466 
<0.0001 <0.0001 <0.0001 0.03 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.457 -0.538 -0.135 -0.040 0.022 -0.502 -0.492 -0.329 -0.532 
<0.0001 <0.0001 0.01 0.44 0.67 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.219 0.357 -0.019 0.060 0.114 0.338 0.286 0.186 0.329 
<0.0001 <0.0001 0.71 0.24 0.03 <0.0001 <0.0001 <0.01 <0.0001 
C 15:0, % 
-0.167 -0.179 -0.083 -0.036 -0.008 -0.178 -0.135 -0.071 -0.158 
<0.01 <0.01 0.10 0.48 0.87 <0.01 0.01 0.17 <0.01 
C 16:0, % 
0.316 0.418 0.062 0.014 -0.056 0.369 0.371 0.229 0.389 
<0.0001 <0.0001 0.23 0.79 0.27 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.335 -0.282 -0.287 0.174 0.300 -0.157 -0.137 -0.235 -0.212 






Table D.29. Continued. Lean production focus population Pearson correlation coefficients of belly traits with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
















C 17:0, % 
-0.364 -0.349 -0.135 -0.047 -0.084 -0.300 -0.331 -0.347 -0.388 
<0.0001 <0.0001 0.01 0.36 0.10 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
-0.069 -0.099 0.024 -0.042 -0.241 -0.103 -0.059 -0.194 -0.143 
0.18 0.06 0.64 0.41 <0.0001 0.05 0.25 <0.01 0.01 
C 18:0, % 
0.476 0.501 0.316 -0.173 -0.250 0.359 0.326 0.346 0.414 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
-0.269 -0.286 -0.247 0.210 0.288 -0.141 -0.108 -0.187 -0.176 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 0.03 <0.01 <0.01 
C 18:2 n6, 
% 
-0.213 -0.276 0.047 -0.166 -0.171 -0.333 -0.351 -0.149 -0.335 
<0.0001 <0.0001 0.36 <0.01 <0.01 <0.0001 <0.0001 <0.01 <0.0001 
C 18:3 n6, 
% 
0.012 0.022 0.071 -0.056 -0.024 -0.014 -0.034 0.061 0.006 
0.82 0.66 0.17 0.27 0.64 0.79 0.51 0.23 0.91 
C 18:3 n3, 
% 
0.015 -0.065 0.151 -0.180 -0.249 -0.143 -0.212 -0.043 -0.157 
0.77 0.21 <0.01 <0.01 <0.0001 0.01 <0.0001 0.40 <0.01 
C 20:0, % 
0.328 0.470 0.206 -0.071 -0.078 0.355 0.384 0.248 0.395 
<0.0001 <0.0001 <0.0001 0.16 0.13 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:1 n9, 
% 
0.333 0.275 0.251 -0.049 -0.150 0.196 0.214 0.196 0.241 
<0.0001 <0.0001 <0.0001 0.34 <0.01 <0.01 <0.0001 <0.01 <0.0001 
C 20:2 n6, 
% 
0.152 0.034 0.195 -0.107 -0.209 -0.049 -0.046 0.060 -0.016 
<0.01 0.51 <0.01 0.04 <0.0001 0.34 0.37 0.24 0.76 
C 20:3 n6, 
% 
-0.264 -0.300 -0.036 -0.089 -0.043 -0.330 -0.326 -0.194 -0.342 
<0.0001 <0.0001 0.49 0.08 0.41 <0.0001 <0.0001 <0.01 <0.0001 
C 20:4 n6, 
% 
-0.406 -0.413 -0.151 -0.089 0.050 -0.401 -0.373 -0.328 -0.443 






Table D.29. Continued. Lean production focus population Pearson correlation coefficients of belly traits with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
















C 20:3 n3, 
% 
0.141 0.006 0.136 -0.009 -0.066 -0.037 -0.045 0.063 -0.009 
0.01 0.91 0.01 0.86 0.20 0.47 0.38 0.22 0.86 
C 20:5 n3, 
% 
0.036 0.073 0.001 -0.014 0.006 0.040 0.093 0.043 0.067 
0.49 0.15 0.99 0.79 0.91 0.44 0.07 0.40 0.19 
C 22:0, % 
0.041 -0.057 0.050 -0.014 -0.078 0.008 -0.041 0.043 0.006 
0.43 0.27 0.33 0.79 0.13 0.88 0.42 0.40 0.91 
C 22:1 n9, 
% 
0.129 0.118 0.072 0.037 0.006 0.064 0.089 0.070 0.088 
0.01 0.02 0.16 0.47 0.90 0.21 0.08 0.18 0.09 
C 22:4 n6, 
% 
0.143 0.110 0.161 -0.091 -0.117 0.017 -0.027 -0.005 -0.003 
0.01 0.03 <0.01 0.08 0.02 0.74 0.60 0.92 0.95 
C 22:5, % 
0.254 0.088 0.148 -0.001 -0.149 0.119 0.070 0.113 0.124 
<0.0001 0.09 <0.01 0.98 <0.01 0.02 0.18 0.03 0.02 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3 
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, 
a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 






PEARSON CORRELATION COEFFICIENTS OF QUALITY PRODUCTION FOCUS 
POPULATION USED IN CHAPTERS 3, 4, & 5 
Table E.1. Quality production focus population Pearson 









0.902 0.599 0.421 -0.403 





0.517 0.650 0.185 -0.547 
<0.0001 <0.0001 <0.0001 <0.0001 
Length 
0.551 0.158 0.178 -0.079 
<0.0001 <0.0001 <0.0001 <0.01 
Width 
0.626 0.347 0.330 -0.198 
<0.0001 <0.0001 <0.0001 <0.0001 
Scribe 
0.095 0.037 0.021 -0.029 
<0.0001 0.13 0.38 0.24 
Depth, 
25% 
0.595 0.646 0.267 -0.511 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
50% 
0.609 0.592 0.292 -0.448 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
75% 
0.623 0.475 0.296 -0.335 
<0.0001 <0.0001 <0.0001 <0.0001 
Average 
Depth 
0.691 0.656 0.322 -0.498 
<0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. 
P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) 
in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 
0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 
2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 
score of 4 was 20.1 to 25 cm and a score of 5 was greater 





Table E.2. Quality production focus population Pearson 









0.805 0.180 0.600 0.071 
<0.0001 <0.0001 <0.0001 <0.01 
pH, 31 min  
-0.017 -0.068 0.031 0.074 
0.74 0.22 0.58 0.18 
pH, 1 d 
-0.195 -0.073 -0.112 0.026 
<0.0001 <0.01 <0.0001 0.28 
pH, 20 d 
0.077 0.092 -0.005 -0.088 
0.12 0.08 0.92 0.09 
Color, 1 d 
0.043 0.082 0.041 -0.062 
0.01 <0.0001 0.02 <0.01 
Marbling, 1 
d 
0.010 0.282 -0.074 -0.302 
0.55 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.133 0.218 0.186 -0.135 
<0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.133 0.102 0.098 -0.058 
0.01 0.05 0.06 0.27 
Marbling, 
20 d 
0.140 0.271 -0.017 -0.267 
<0.01 <0.0001 0.75 <0.0001 
Firmness, 
20 d 
0.029 0.098 -0.085 -0.132 




    
     L* 
-0.184 0.044 -0.210 -0.129 
<0.0001 0.07 <0.0001 <0.0001 
     a* 
0.176 0.162 0.131 -0.101 
<0.0001 <0.0001 <0.0001 <0.0001 
     b* 
-0.055 0.173 -0.149 -0.227 




    
     L* 
-0.134 0.006 -0.154 -0.069 
0.01 0.91 <0.01 0.19 
     a* 
0.074 0.172 -0.003 -0.170 
0.13 <0.01 0.95 <0.01 
     b* 
-0.008 0.207 -0.116 -0.248 






Table E.2. Continued. Quality production focus population 









0.073 0.010 0.153 0.050 
0.14 0.85 <0.01 0.35 
Cook loss, 
21 d 
-0.197 -0.156 -0.165 0.082 




-0.153 -0.266 -0.144 0.193 
<0.01 <0.0001 0.01 <0.01 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value 
indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). 
Instrumental loin color determined as the average of 2 
measurements on the ventral surface of the loin. 
3 





Table E.3. Quality production focus population Pearson correlation coefficients of 
carcass composition with ham quality
1,2 
Variable HCW BF LD 
Percent 
Lean 
Weight, 1 d 
0.911 0.380 0.545 -0.144 
<0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.898 0.369 0.505 -0.148 
<0.0001 <0.0001 <0.0001 <0.01 
Post-trim weight 
0.839 0.205 0.505 0.008 
<0.0001 <0.0001 <0.0001 0.87 
Inside weight 
0.655 -0.012 0.461 0.197 
<0.0001 0.81 <0.0001 <0.01 
Outside weight 
0.684 0.096 0.415 0.075 
<0.0001 0.06 <0.0001 0.14 
Knuckle weight 
0.646 0.145 0.469 0.051 
<0.0001 <0.01 <0.0001 0.32 
Shank weight 
0.551 0.102 0.331 0.038 
<0.0001 0.05 <0.0001 0.45 
Lite butt weight 
0.220 0.020 0.209 0.066 
<0.0001 0.70 <0.0001 0.20 
Gluteus profundus 
    
     L* 
-0.158 -0.071 -0.169 0.000 
<0.0001 <0.0001 <0.0001 0.98 
     a* 
0.016 0.048 0.037 -0.033 
0.31 <0.01 0.03 0.05 
     b* 
0.008 -0.009 0.006 0.010 
0.62 0.60 0.74 0.55 
Gluteus medius 
    
     L* 
-0.075 0.028 -0.105 -0.070 
<0.0001 0.10 <0.0001 <0.0001 
     a* 
0.158 0.107 0.104 -0.060 
<0.0001 <0.0001 <0.0001 <0.01 
     b* 
0.175 0.105 0.088 -0.065 
<0.0001 <0.0001 <0.0001 <0.01 
Semimembranosus 
    
     L* 
-0.105 -0.056 -0.095 0.013 
0.03 0.28 0.06 0.81 
     a* 
0.209 0.068 0.114 -0.020 
<0.0001 0.19 0.03 0.70 
     b* 
0.157 0.031 0.146 0.031 
<0.01 0.55 <0.01 0.55 
Adductor 
    
     L* 
-0.230 -0.120 -0.204 0.030 
<0.0001 0.02 <0.0001 0.55 
     a* 
0.093 0.051 0.046 -0.031 
0.06 0.32 0.38 0.55 
     b* 
-0.014 -0.001 -0.115 -0.047 






Table E.3. Continued. Quality production focus population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




   
     L* 
-0.119 0.073 -0.175 -0.143 
0.01 0.16 <0.01 0.01 
     a* 
0.161 0.114 0.091 -0.076 
<0.01 0.03 0.08 0.14 
     b* 
0.003 0.177 -0.101 -0.216 
0.94 <0.01 0.05 <0.0001 
Semitendinosus, dark 
   
     L* 
-0.005 0.034 -0.079 -0.068 
0.91 0.51 0.13 0.19 
     a* 
0.054 0.225 0.008 -0.213 
0.27 <0.0001 0.88 <0.0001 
     b* 
0.107 0.216 -0.003 -0.214 
0.03 <0.0001 0.96 <0.0001 
Biceps femoris 
    
     L* 
-0.082 -0.011 -0.044 -0.008 
0.09 0.83 0.39 0.88 
     a* 
0.202 0.120 0.049 -0.094 
<0.0001 0.02 0.35 0.07 
     b* 
0.193 0.122 0.113 -0.071 
<0.0001 0.02 0.03 0.17 
Vastus lateralis 
    
     L* 
-0.240 -0.112 -0.190 0.032 
<0.0001 0.03 <0.01 0.54 
     a* 
0.143 0.109 0.039 -0.093 
<0.01 0.03 0.45 0.07 
     b* 
0.043 -0.037 -0.025 0.023 




    
     L* 
-0.126 -0.108 -0.166 0.038 
0.01 0.04 <0.01 0.46 
     a* 
0.134 0.131 0.033 -0.115 
0.01 0.01 0.52 0.03 
     b* 
0.146 -0.049 0.015 0.053 






Table E.3. Continued. Quality production focus population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




    
     Semimembranosus 
0.002 -0.001 -0.001 0.003 
0.97 0.99 0.99 0.95 
     Adductor 
0.032 0.007 0.006 -0.001 
0.51 0.88 0.91 0.98 
     Semitendinosus, light  
-0.037 -0.065 0.010 0.070 
0.45 0.21 0.84 0.17 
     Semitendinosus, dark 
-0.051 -0.046 0.019 0.055 
0.29 0.37 0.71 0.28 
     Biceps femoris 
-0.040 -0.044 -0.048 0.026 
0.41 0.39 0.35 0.62 
     Vastus lateralis 
-0.031 0.002 -0.057 -0.022 
0.51 0.96 0.27 0.66 
     Rectus femoris 
-0.009 -0.032 0.050 0.053 
0.86 0.54 0.33 0.30 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color); a* 
measures redness (greater a* value indicates a redder color); b* measures yellowness 
(greater b* value indicates a more yellow color); Instrumental color on fresh muscle 
was determined on one measure per muscle. Instrumental color and ultimate pH was 
measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris 





Table E.4. Quality production focus population Pearson 
correlation coefficients of carcass composition with ham 
processed ham quality and yield
1 




0.728 0.070 0.479 0.127 
<0.0001 0.17 <0.0001 0.01 
Pumped weight 
0.680 0.016 0.453 0.168 
<0.0001 0.76 <0.0001 <0.01 
Pump percent 
-0.154 -0.193 -0.067 0.158 
<0.01 <0.01 0.19 <0.01 
30 minute 
drained weight 
0.694 0.027 0.463 0.161 
<0.0001 0.60 <0.0001 <0.01 
Pump retention 
-0.140 -0.189 -0.049 0.162 
<0.01 <0.01 0.34 <0.01 
Stuffed weight 
0.701 0.035 0.487 0.165 
<0.0001 0.49 <0.0001 <0.01 
Stuffed yield 
-0.105 -0.076 0.015 0.081 
0.03 0.14 0.77 0.12 
Casing on 
cooked weight 
0.690 0.041 0.490 0.161 
<0.0001 0.43 <0.0001 <0.01 
Casing off 
cooked weight 
0.691 0.041 0.489 0.161 
<0.0001 0.43 <0.0001 <0.01 
Cooked yield 
0.055 -0.053 0.114 0.101 




    
     L* 
0.158 0.047 0.018 -0.041 
<0.01 0.36 0.72 0.42 
     a* 
0.149 0.150 0.153 -0.082 
<0.01 <0.01 <0.01 0.11 
     b* 
0.093 0.207 0.026 -0.191 






Table E.4. Continued. Quality production focus population 
Pearson correlation coefficients of carcass composition with 
ham processed ham quality and yield
1
 




-0.092 0.076 -0.010 -0.075 
0.06 0.15 0.84 0.16 
Proximate Composition 
   
     Moisture, % 
-0.066 -0.267 0.062 0.287 
0.18 <0.0001 0.23 <0.0001 
     Lipid, % 
0.147 0.312 -0.058 -0.328 
<0.01 <0.0001 0.26 <0.0001 
     Protein, % 
-0.193 -0.105 -0.047 0.081 
<0.0001 0.04 0.37 0.12 
     PFF
3
 
-0.159 -0.012 -0.068 -0.018 
<0.01 0.82 0.19 0.72 
1 
Upper row is the correlation coefficient between traits. P-value 
for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a 
lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was 
determined on ham steaks as the average of 4 measurements. 
3

























0.655 0.238 0.471 0.496 0.091 0.322 0.374 0.417 0.418 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 
min  
0.005 0.059 -0.090 0.082 0.176 0.052 0.049 -0.032 0.029 
0.92 0.26 0.09 0.12 <0.01 0.33 0.35 0.54 0.58 
pH, 1 d 
-0.190 -0.113 -0.005 -0.222 -0.116 -0.185 -0.130 -0.172 -0.185 
<0.0001 <0.0001 0.82 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d 
0.127 0.121 0.149 0.123 0.182 0.086 0.095 0.023 0.078 
0.01 0.01 <0.01 0.01 <0.01 0.08 0.06 0.65 0.12 
Color, 1 d 
0.099 0.107 0.106 0.000 -0.108 0.063 0.101 0.055 0.083 
<0.0001 <0.0001 <0.0001 0.99 <0.0001 0.01 <0.0001 0.02 <0.01 
Marbling, 
1 d 
0.087 0.254 0.052 0.010 0.004 0.193 0.157 0.052 0.159 
<0.01 <0.0001 0.03 0.65 0.86 <0.0001 <0.0001 0.02 <0.0001 
Firmness, 
1 d 
0.109 0.202 -0.005 0.038 -0.057 0.165 0.145 0.065 0.147 
<0.0001 <0.0001 0.84 0.10 0.01 <0.0001 <0.0001 <0.01 <0.0001 
Color, 20 
d 
0.178 0.117 0.187 0.047 -0.035 0.150 0.180 0.159 0.182 
<0.01 0.02 <0.01 0.35 0.49 <0.01 <0.01 <0.01 <0.01 
Marbling, 
20 d 
0.180 0.238 0.075 0.117 0.071 0.196 0.229 0.149 0.216 
<0.01 <0.0001 0.13 0.02 0.15 <0.0001 <0.0001 <0.01 <0.0001 
Firmness, 
20 d 
0.099 0.124 0.068 0.017 0.061 0.172 0.144 0.108 0.161 




         
     L* 
-0.160 -0.047 -0.157 -0.092 0.044 -0.043 -0.144 -0.080 -0.099 
<0.0001 0.04 <0.0001 <0.0001 0.06 0.06 <0.0001 <0.01 <0.0001 
     a* 
0.223 0.216 0.074 0.133 -0.015 0.252 0.266 0.192 0.271 
<0.0001 <0.0001 <0.01 <0.0001 0.51 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.008 0.107 -0.087 0.042 0.117 0.138 0.026 0.055 0.086 




























         
     L* 
-0.175 -0.130 -0.193 -0.035 0.048 -0.169 -0.200 -0.112 -0.181 
<0.01 0.01 <0.0001 0.48 0.34 <0.01 <0.0001 0.02 <0.01 
     a* 
0.154 0.198 0.108 0.081 0.054 0.182 0.142 0.072 0.152 
<0.01 <0.0001 0.03 0.10 0.28 <0.01 <0.01 0.15 <0.01 
     b* 
0.032 0.131 -0.057 0.074 0.118 0.054 0.011 -0.005 0.025 
0.52 0.01 0.26 0.14 0.02 0.28 0.82 0.92 0.62 
Purge loss, 
20 d 
0.072 0.025 -0.028 0.162 0.205 0.052 -0.003 -0.006 0.019 
0.15 0.62 0.58 <0.01 <0.0001 0.30 0.96 0.91 0.71 
Cook loss, 
21 d 
-0.192 -0.143 -0.078 -0.064 0.048 -0.155 -0.177 -0.105 -0.165 




-0.171 -0.201 0.019 -0.133 -0.020 -0.186 -0.160 -0.172 -0.194 
<0.01 <0.0001 0.70 0.01 0.69 <0.01 <0.01 <0.01 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, 
a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 
25 cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Loin color was 
determined as the average of 2 measurements on the ventral surface of the loin.  
4






















Ham Weight, 1 d 
0.761 0.395 0.401 0.563 0.070 0.469 0.493 0.494 0.550 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.739 0.342 0.406 0.557 0.100 0.453 0.440 0.489 0.516 
<0.0001 <0.0001 <0.0001 <0.0001 0.04 <0.0001 <0.0001 <0.0001 <0.0001 
Post-trim weight 
0.643 0.194 0.423 0.510 0.108 0.334 0.309 0.397 0.387 
<0.0001 <0.0001 <0.0001 <0.0001 0.03 <0.0001 <0.0001 <0.0001 <0.0001 
Inside weight 
0.503 0.082 0.373 0.406 0.095 0.215 0.222 0.300 0.273 
<0.0001 0.09 <0.0001 <0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 
Outside weight 
0.555 0.160 0.368 0.457 0.147 0.310 0.292 0.353 0.356 
<0.0001 <0.01 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Knuckle weight 
0.492 0.122 0.294 0.381 0.034 0.261 0.244 0.308 0.303 
<0.0001 0.01 <0.0001 <0.0001 0.49 <0.0001 <0.0001 <0.0001 <0.0001 
Shank weight 
0.435 0.120 0.291 0.375 0.146 0.223 0.198 0.303 0.269 
<0.0001 0.01 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Lite butt weight 
0.128 0.025 0.019 0.153 0.018 0.098 0.101 0.101 0.112 
0.01 0.62 0.70 <0.01 0.72 0.05 0.04 0.04 0.02 
Gluteus profundus
 
         
     L* 
-0.159 -0.100 -0.124 -0.025 0.138 -0.109 -0.121 -0.060 -0.112 
<0.0001 <0.0001 <0.0001 0.27 <0.0001 <0.0001 <0.0001 0.01 <0.0001 
     a* 
0.047 0.003 -0.022 0.066 0.022 0.045 0.029 -0.036 0.017 
0.04 0.91 0.34 <0.01 0.34 0.05 0.20 0.12 0.45 
     b* 
0.050 0.040 -0.009 0.144 0.195 0.076 0.053 0.028 0.061 
0.03 0.08 0.70 <0.0001 <0.0001 <0.01 0.02 0.22 0.01 
Gluteus medius 
         
     L* 
-0.029 -0.023 -0.116 0.110 0.223 -0.010 -0.046 -0.017 -0.027 
0.20 0.32 <0.0001 <0.0001 <0.0001 0.68 0.05 0.47 0.25 
     a* 
0.196 0.174 0.102 0.153 0.049 0.181 0.208 0.158 0.207 
<0.0001 <0.0001 <0.0001 <0.0001 0.03 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.251 0.210 0.129 0.278 0.233 0.244 0.231 0.195 0.255 


























         
     L* 
-0.129 -0.039 -0.180 -0.031 -0.046 -0.049 -0.093 -0.028 -0.064 
0.01 0.43 <0.01 0.53 0.35 0.32 0.06 0.57 0.20 
     a* 
0.284 0.220 0.230 0.220 0.125 0.245 0.226 0.149 0.235 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.01 <0.0001 
     b* 
0.178 0.130 0.118 0.215 0.098 0.162 0.095 0.118 0.142 
<0.01 0.01 0.02 <0.0001 0.05 <0.01 0.05 0.02 <0.01 
Adductor 
         
     L* 
-0.238 -0.158 -0.122 -0.120 0.010 -0.165 -0.162 -0.157 -0.182 
<0.0001 <0.01 0.01 0.01 0.84 <0.01 <0.01 <0.01 <0.01 
     a* 
0.122 0.077 0.044 0.079 -0.015 0.144 0.082 0.108 0.127 
0.01 0.12 0.37 0.11 0.76 <0.01 0.10 0.03 0.01 
     b* 
0.043 0.026 0.073 0.011 -0.037 0.103 0.049 0.033 0.072 
0.39 0.59 0.14 0.82 0.45 0.04 0.32 0.50 0.14 
Semitendinosus, light 
        
     L* 
-0.116 -0.031 -0.118 -0.103 -0.031 -0.120 -0.122 -0.081 -0.122 
0.02 0.53 0.02 0.04 0.54 0.01 0.01 0.10 0.01 
     a* 
0.232 0.173 0.187 0.208 0.217 0.267 0.254 0.186 0.268 
<0.0001 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
     b* 
0.042 0.105 0.015 -0.008 0.039 0.081 0.064 0.075 0.082 
0.40 0.03 0.76 0.87 0.43 0.10 0.20 0.13 0.10 
Semitendinosus, dark 
        
     L* 
0.051 0.095 -0.012 0.147 0.225 0.093 0.095 0.091 0.105 
0.30 0.05 0.81 <0.01 <0.0001 0.06 0.05 0.06 0.03 
     a* 
0.062 0.136 -0.039 0.054 -0.001 0.091 0.074 0.043 0.080 
0.21 0.01 0.43 0.28 0.98 0.06 0.13 0.39 0.11 
     b* 
0.168 0.252 0.033 0.221 0.186 0.238 0.227 0.129 0.226 


























         
     L* 
-0.104 -0.021 -0.105 -0.037 0.024 -0.081 -0.088 -0.029 -0.076 
0.03 0.67 0.03 0.45 0.63 0.10 0.07 0.56 0.12 
     a* 
0.307 0.256 0.163 0.231 0.085 0.297 0.270 0.232 0.301 
<0.0001 <0.0001 <0.01 <0.0001 0.08 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.273 0.267 0.113 0.246 0.149 0.278 0.247 0.215 0.279 
<0.0001 <0.0001 0.02 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Vastus lateralis 
         
     L* 
-0.280 -0.187 -0.245 -0.149 -0.018 -0.191 -0.201 -0.183 -0.215 
<0.0001 <0.01 <0.0001 <0.01 0.72 <0.0001 <0.0001 <0.01 <0.0001 
     a* 
0.242 0.231 0.188 0.180 0.166 0.209 0.173 0.130 0.194 
<0.0001 <0.0001 <0.01 <0.01 <0.01 <0.0001 <0.01 0.01 <0.0001 
     b* 
0.080 0.081 0.132 0.089 0.079 0.069 0.024 0.042 0.052 
0.11 0.10 0.01 0.07 0.11 0.16 0.62 0.39 0.29 
Rectus femoris 
         
     L* 
-0.195 -0.162 -0.061 -0.081 0.048 -0.169 -0.216 -0.102 -0.184 
<0.0001 <0.01 0.21 0.10 0.33 <0.01 <0.0001 0.04 <0.01 
     a* 
0.230 0.209 0.078 0.224 0.167 0.187 0.185 0.092 0.176 
<0.0001 <0.0001 0.11 <0.0001 <0.01 <0.01 <0.01 0.06 <0.01 
     b* 
0.167 0.048 0.249 0.188 0.198 0.055 0.018 0.098 0.063 


























         
     Semimembranosus 
-0.011 0.000 -0.018 0.053 0.065 -0.026 -0.041 -0.067 -0.048 
0.82 0.99 0.72 0.28 0.19 0.60 0.41 0.17 0.32 
     Adductor 
0.019 0.008 0.022 0.055 0.053 0.003 -0.030 -0.021 -0.017 
0.70 0.88 0.65 0.26 0.28 0.95 0.55 0.66 0.73 
     Semitendinosus, light  
-0.051 -0.052 -0.005 -0.041 -0.016 -0.045 -0.066 -0.106 -0.079 
0.30 0.29 0.91 0.41 0.74 0.37 0.18 0.03 0.11 
     Semitendinosus, dark 
-0.075 -0.091 -0.003 -0.079 -0.065 -0.087 -0.101 -0.121 -0.114 
0.13 0.07 0.95 0.11 0.19 0.08 0.04 0.01 0.02 
     Biceps femoris 
-0.039 -0.034 0.013 -0.019 0.022 -0.069 -0.060 -0.085 -0.080 
0.43 0.49 0.79 0.70 0.65 0.16 0.22 0.08 0.10 
     Vastus lateralis 
-0.043 -0.025 -0.010 -0.042 -0.034 -0.071 -0.052 -0.093 -0.080 
0.38 0.61 0.85 0.40 0.49 0.15 0.29 0.06 0.10 
     Rectus femoris 
-0.016 -0.032 0.036 -0.027 -0.043 -0.079 -0.050 -0.034 -0.063 
0.74 0.52 0.46 0.58 0.39 0.11 0.31 0.49 0.20 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh muscle was determined on 
one measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop scores were 
anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 was 5.1 to 10 cm, a 
























0.557 0.112 0.382 0.435 0.093 0.275 0.267 0.341 0.329 
<0.0001 0.02 <0.0001 <0.0001 0.06 <0.0001 <0.0001 <0.0001 <0.0001 
Pumped weight 
0.509 0.082 0.359 0.383 0.034 0.243 0.248 0.326 0.303 
<0.0001 0.09 <0.0001 <0.0001 0.49 <0.0001 <0.0001 <0.0001 <0.0001 
Pump percent 
-0.159 -0.095 -0.052 -0.200 -0.225 -0.101 -0.045 -0.042 -0.073 
<0.01 0.05 0.29 <0.0001 <0.0001 0.04 0.36 0.40 0.14 
30 minute drained 
weight 
0.521 0.086 0.365 0.397 0.039 0.250 0.253 0.330 0.309 
<0.0001 0.08 <0.0001 <0.0001 0.43 <0.0001 <0.0001 <0.0001 <0.0001 
Pump retention 
-0.151 -0.104 -0.045 -0.192 -0.255 -0.100 -0.037 -0.043 -0.070 
<0.01 0.03 0.37 <0.0001 <0.0001 0.04 0.45 0.39 0.16 
Stuffed weight 
0.529 0.102 0.367 0.401 0.043 0.257 0.255 0.355 0.321 
<0.0001 0.04 <0.0001 <0.0001 0.38 <0.0001 <0.0001 <0.0001 <0.0001 
Stuffed yield 
-0.092 -0.019 -0.042 -0.122 -0.159 -0.036 -0.022 0.046 -0.007 
0.06 0.70 0.40 0.01 <0.01 0.46 0.66 0.36 0.88 
Casing on cooked 
weight 
0.523 0.103 0.353 0.390 0.025 0.251 0.258 0.353 0.319 
<0.0001 0.04 <0.0001 <0.0001 0.61 <0.0001 <0.0001 <0.0001 <0.0001 
Casing off cooked 
weight 
0.524 0.104 0.353 0.390 0.021 0.252 0.259 0.354 0.320 
<0.0001 0.04 <0.0001 <0.0001 0.67 <0.0001 <0.0001 <0.0001 <0.0001 
Cooked yield 
0.030 0.014 0.024 -0.058 -0.178 0.039 0.065 0.117 0.081 




         
     L* 
0.130 0.040 0.052 0.255 0.299 0.033 0.038 0.037 0.040 
0.01 0.42 0.29 <0.0001 <0.0001 0.51 0.45 0.45 0.42 
     a* 
0.237 0.233 0.139 0.153 0.027 0.271 0.220 0.223 0.269 
<0.0001 <0.0001 <0.01 <0.01 0.58 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.130 0.136 -0.002 0.191 0.204 0.129 0.068 0.130 0.123 
0.01 0.01 0.97 <0.0001 <0.0001 0.01 0.17 0.01 0.01 
Bind strength 
-0.048 0.007 -0.149 -0.063 0.064 0.051 0.087 0.024 0.061 


























        
     Moisture, % 
-0.167 -0.287 0.002 -0.169 -0.181 -0.267 -0.216 -0.214 -0.263 
<0.01 <0.0001 0.97 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Lipid, % 
0.245 0.337 0.050 0.255 0.218 0.327 0.314 0.256 0.338 
<0.0001 <0.0001 0.31 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Protein, % 
-0.232 -0.185 -0.157 -0.193 -0.083 -0.213 -0.260 -0.160 -0.238 
<0.0001 <0.01 <0.01 <0.0001 0.10 <0.0001 <0.0001 <0.01 <0.0001 
     PFF
4
 
-0.170 -0.091 -0.150 -0.127 -0.021 -0.124 -0.177 -0.091 -0.147 
<0.01 0.07 <0.01 0.01 0.68 0.01 <0.01 0.07 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2 
A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop scores 
were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 was 5.1 
to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a score of 5 was 
greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color was determined on 
ham steaks as the average of 4 measurements. 
4





Table E.8. Quality production focus population Pearson correlation coefficients of loin weight, pH, water 















Ham Weight, 1 d 
0.769 -0.017 -0.178 0.052 0.087 -0.180 -0.104 
<0.0001 0.75 <0.0001 0.29 0.08 <0.01 0.03 
Pre-trim weight 
0.758 -0.027 -0.186 0.041 0.058 -0.187 -0.118 
<0.0001 0.60 <0.01 0.41 0.25 <0.01 0.02 
Post-trim weight 
0.783 -0.016 -0.167 0.048 0.069 -0.157 -0.086 
<0.0001 0.76 <0.01 0.33 0.17 <0.01 0.08 
Inside weight 
0.695 0.027 -0.100 0.030 0.126 -0.114 -0.008 
<0.0001 0.60 0.04 0.55 0.01 0.02 0.88 
Outside weight 
0.695 0.054 -0.137 0.057 0.122 -0.101 -0.010 
<0.0001 0.29 <0.01 0.25 0.01 0.04 0.84 
Knuckle weight 
0.614 -0.028 -0.145 -0.018 0.148 -0.094 -0.058 
<0.0001 0.59 0.00 0.71 <0.01 0.06 0.24 
Shank weight 
0.556 0.049 -0.056 0.070 0.073 -0.111 -0.113 
<0.0001 0.34 0.25 0.16 0.14 0.02 0.02 
Lite butt weight 
0.171 0.042 0.039 -0.003 -0.015 -0.029 0.030 
<0.01 0.41 0.43 0.95 0.77 0.56 0.54 
Gluteus profundus 
       
     L* 
-0.167 -0.019 -0.056 -0.078 0.108 0.153 0.016 
<0.0001 0.71 0.01 0.11 0.03 <0.01 0.75 
     a* 
0.022 -0.055 0.005 0.051 -0.009 -0.070 -0.111 
0.31 0.29 0.81 0.30 0.85 0.15 0.02 
     b* 
0.031 0.180 -0.115 -0.066 0.138 0.155 0.072 
0.15 <0.01 <0.0001 0.18 0.01 <0.01 0.14 
Gluteus medius 
       
     L* 
-0.101 -0.071 -0.308 -0.220 0.213 0.229 0.031 
<0.0001 0.17 <0.0001 <0.0001 <0.0001 <0.0001 0.52 
     a* 
0.124 0.072 -0.046 0.014 0.127 0.041 0.015 
<0.0001 0.16 0.03 0.77 0.01 0.40 0.76 
     b* 
0.158 0.159 -0.292 -0.169 0.294 0.255 0.151 
<0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.01 
Semimembranosus 
       
     L* 
-0.074 -0.036 -0.250 -0.253 0.159 0.251 0.070 
0.13 0.48 <0.0001 <0.0001 <0.01 <0.0001 0.16 
     a* 
0.203 0.003 -0.141 -0.079 0.174 0.081 0.021 
<0.0001 0.95 <0.01 0.11 <0.01 0.10 0.67 
     b* 
0.163 0.005 -0.252 -0.121 0.208 0.118 -0.030 
<0.01 0.93 <0.0001 0.01 <0.0001 0.02 0.55 
Adductor 
       
     L* 
-0.218 -0.039 -0.205 -0.219 0.164 0.266 0.125 
<0.0001 0.45 <0.0001 <0.0001 <0.01 <0.0001 0.01 
     a* 
0.102 0.082 -0.032 -0.079 0.097 0.038 0.046 
0.04 0.11 0.51 0.11 0.05 0.45 0.35 
     b* 
-0.028 0.090 -0.111 -0.172 0.083 0.166 0.142 





Table E.8. Continued. Quality production focus population Pearson correlation coefficients of loin weight, 

















       
     L* 
-0.201 -0.144 0.020 0.065 -0.148 -0.084 -0.131 
<0.0001 0.01 0.68 0.19 <0.01 0.09 0.01 
     a* 
0.149 0.095 -0.110 -0.050 0.171 0.153 0.075 
<0.01 0.06 0.02 0.32 <0.01 <0.01 0.13 
     b* 
-0.107 -0.090 0.001 0.066 -0.138 -0.057 -0.128 
0.03 0.08 0.99 0.18 0.01 0.25 0.01 
Semitendinosus, dark 
       
     L* 
-0.045 0.095 -0.144 -0.115 0.119 0.162 0.130 
0.36 0.07 <0.01 0.02 0.02 <0.01 0.01 
     a* 
0.026 -0.109 -0.025 0.067 0.000 -0.084 -0.211 
0.60 0.04 0.61 0.18 0.99 0.09 <0.0001 
     b* 
0.028 0.047 -0.137 -0.062 0.148 0.089 0.012 
0.57 0.36 0.01 0.21 <0.01 0.07 0.80 
Biceps femoris 
       
     L* 
-0.058 -0.058 -0.232 -0.294 0.185 0.261 0.032 
0.24 0.26 <0.0001 <0.0001 <0.01 <0.0001 0.52 
     a* 
0.179 0.022 -0.139 -0.079 0.094 0.092 0.003 
<0.01 0.67 <0.01 0.11 0.06 0.06 0.95 
     b* 
0.193 -0.005 -0.266 -0.220 0.261 0.210 0.016 
<0.0001 0.93 <0.0001 <0.0001 <0.0001 <0.0001 0.75 
Vastus lateralis 
       
     L* 
-0.232 0.022 -0.076 -0.181 0.013 0.152 0.119 
<0.0001 0.67 0.12 <0.01 0.79 <0.01 0.02 
     a* 
0.151 0.053 -0.128 -0.037 0.153 0.052 0.013 
<0.01 0.31 0.01 0.45 <0.01 0.29 0.79 
     b* 
0.071 0.026 -0.093 -0.116 0.048 0.096 0.088 
0.15 0.62 0.06 0.02 0.34 0.05 0.08 
Rectus femoris 
       
     L* 
-0.145 -0.080 -0.148 -0.116 0.105 0.148 0.062 
<0.01 0.12 <0.01 0.02 0.04 <0.01 0.21 
     a* 
0.156 0.096 -0.178 -0.093 0.168 0.121 0.037 
<0.01 0.06 <0.01 0.06 <0.01 0.01 0.45 
     b* 
0.161 -0.018 -0.198 -0.073 0.147 0.103 0.046 






Table E.8. Continued. Quality production focus population Pearson correlation coefficients of loin weight, 

















       
     Semimembranosus 
-0.009 0.056 0.302 0.414 -0.225 -0.315 -0.218 
0.85 0.28 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Adductor 
-0.004 0.028 0.319 0.432 -0.270 -0.346 -0.243 
0.94 0.58 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, light  
-0.029 -0.003 0.331 0.410 -0.256 -0.312 -0.189 
0.56 0.96 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     Semitendinosus, dark 
-0.061 -0.066 0.339 0.392 -0.299 -0.347 -0.222 
0.21 0.20 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.073 0.006 0.351 0.473 -0.318 -0.380 -0.234 
0.14 0.90 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.087 -0.013 0.372 0.448 -0.338 -0.371 -0.224 
0.08 0.79 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Rectus femoris 
-0.032 -0.026 0.372 0.418 -0.334 -0.374 -0.213 
0.52 0.61 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater 
a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color on fresh muscle was determined on one measure per muscle. Instrumental color and 
ultimate pH was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal face), 
semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus 
femoris (proximal face). 
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Table E.9. Quality production focus population Pearson correlation coefficients of subjective 
















Ham Weight, 1 d 
0.025 -0.058 0.147 0.097 0.072 -0.030 
0.12 <0.01 <0.0001 0.05 0.14 0.53 
Pre-trim weight 
0.050 -0.031 0.147 0.099 0.086 -0.039 
0.31 0.53 <0.01 0.04 0.08 0.44 
Post-trim weight 
0.008 -0.097 0.117 0.071 0.044 -0.056 
0.88 0.05 0.02 0.15 0.37 0.26 
Inside weight 
0.021 -0.181 0.127 0.035 -0.105 -0.068 
0.67 <0.01 0.01 0.48 0.03 0.17 
Outside weight 
0.017 -0.145 0.114 0.063 -0.081 -0.031 
0.73 <0.01 0.02 0.20 0.10 0.53 
Knuckle weight 
0.002 -0.132 0.100 0.075 -0.052 -0.072 
0.97 0.01 0.04 0.13 0.29 0.14 
Shank weight 
0.055 -0.052 0.102 0.015 0.010 -0.047 
0.26 0.29 0.04 0.76 0.83 0.34 
Lite butt weight 
0.019 0.005 0.047 0.058 0.012 -0.107 
0.69 0.92 0.33 0.24 0.80 0.03 
Gluteus profundus 
      
     L* 
-0.125 0.024 -0.090 -0.134 0.107 0.039 
<0.0001 0.14 <0.0001 0.01 0.03 0.43 
     a* 
0.069 0.053 0.037 0.086 0.089 0.046 
<0.0001 <0.01 0.02 0.08 0.07 0.35 
     b* 
-0.018 0.055 -0.002 -0.109 0.034 0.014 
0.26 <0.01 0.88 0.03 0.49 0.78 
Gluteus medius 
      
     L* 
-0.286 0.007 -0.145 -0.292 0.099 0.120 
<0.0001 0.67 <0.0001 <0.0001 0.04 0.01 
     a* 
0.203 0.069 0.043 0.158 0.015 0.072 
<0.0001 <0.0001 0.01 <0.01 0.76 0.14 
     b* 
-0.015 0.071 -0.016 -0.161 0.002 0.065 
0.35 <0.0001 0.33 <0.01 0.96 0.18 
Semimembranosus 
      
     L* 
-0.223 -0.027 -0.125 -0.318 -0.003 0.029 
<0.0001 0.58 0.01 <0.0001 0.96 0.55 
     a* 
0.061 -0.035 0.042 -0.001 -0.055 0.045 
0.21 0.48 0.40 0.98 0.26 0.36 
     b* 
-0.067 0.009 0.000 -0.136 -0.061 0.026 
0.17 0.86 1.00 0.01 0.22 0.60 
Adductor 
      
     L* 
-0.101 0.011 -0.139 -0.235 -0.007 0.060 
0.04 0.82 <0.01 <0.0001 0.88 0.23 
     a* 
0.083 -0.016 0.000 0.057 -0.005 0.042 
0.09 0.75 1.00 0.25 0.92 0.40 
     b* 
0.030 0.065 -0.098 -0.090 0.026 0.099 






Table E.9. Continued. Quality production focus population Pearson correlation coefficients 

















     
     L* 
-0.188 0.041 -0.110 0.030 0.153 0.094 
<0.01 0.41 0.02 0.55 <0.01 0.06 
     a* 
0.161 0.088 0.074 -0.056 -0.022 0.034 
<0.01 0.07 0.13 0.26 0.66 0.49 
     b* 
-0.071 0.115 -0.032 0.042 0.186 0.133 
0.15 0.02 0.51 0.40 <0.01 0.01 
Semitendinosus, dark 
     
     L* 
-0.099 0.115 -0.010 -0.161 0.080 0.045 
0.04 0.02 0.84 <0.01 0.11 0.37 
     a* 
-0.023 0.022 -0.005 0.033 0.141 0.045 
0.65 0.65 0.92 0.51 <0.01 0.36 
     b* 
-0.036 0.121 0.057 -0.084 0.131 0.084 
0.46 0.01 0.25 0.09 0.01 0.09 
Biceps femoris 
      
     L* 
-0.265 -0.103 -0.098 -0.315 -0.010 0.026 
<0.0001 0.04 0.04 <0.0001 0.84 0.61 
     a* 
0.085 0.025 0.050 0.012 -0.029 0.095 
0.08 0.61 0.31 0.80 0.56 0.05 
     b* 
-0.059 -0.028 0.026 -0.174 -0.038 0.152 
0.23 0.56 0.59 <0.01 0.45 <0.01 
Vastus lateralis 
      
     L* 
-0.214 0.030 -0.106 -0.295 0.011 0.013 
<0.0001 0.54 0.03 <0.0001 0.83 0.79 
     a* 
0.092 -0.011 0.000 0.059 0.000 0.127 
0.06 0.82 0.99 0.23 0.99 0.01 
     b* 
-0.082 -0.091 -0.042 -0.084 -0.094 0.140 
0.10 0.06 0.39 0.09 0.06 <0.01 
Rectus femoris 
      
     L* 
-0.256 -0.047 -0.143 -0.207 0.050 0.028 
<0.0001 0.34 <0.01 <0.0001 0.31 0.57 
     a* 
0.090 -0.018 0.048 -0.023 -0.042 0.054 
0.07 0.71 0.33 0.65 0.40 0.28 
     b* 
-0.082 -0.139 -0.063 -0.036 -0.070 0.068 






Table E.9. Continued. Quality production focus population Pearson correlation coefficients 

















           Semimembran-
osus 
0.040 0.072 0.003 0.161 0.157 -0.021 
0.42 0.14 0.95 <0.01 <0.01 0.67 
     Adductor 
0.030 0.117 0.000 0.183 0.166 -0.017 
0.54 0.02 0.99 <0.01 0.00 0.72 
     Semitendinosus, 
light  
0.078 0.049 -0.037 0.188 0.103 -0.001 
0.11 0.32 0.45 <0.01 0.04 0.99 
     Semitendinosus, 
dark 
0.068 0.047 -0.016 0.222 0.096 -0.014 
0.16 0.34 0.74 <0.0001 0.05 0.78 
     Biceps femoris 
0.076 0.096 0.038 0.223 0.168 -0.028 
0.12 0.05 0.43 <0.0001 <0.01 0.57 
     Vastus lateralis 
0.104 0.084 0.008 0.201 0.154 -0.056 
0.03 0.08 0.87 <0.0001 <0.01 0.25 
     Rectus femoris 
0.111 0.088 0.031 0.256 0.124 -0.024 
0.02 0.07 0.52 <0.0001 0.01 0.62 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh muscle was determined on one 
measure per muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus dark 
portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 





Table E.10. Quality production focus population Pearson correlation coefficients of 




1 d 20d 
Variable L* a* b* L* a* b* 
Ham Weight, 1 d 
-0.194 0.137 -0.087 -0.153 0.040 -0.064 
<0.0001 <0.0001 <0.0001 <0.01 0.42 0.19 
Pre-trim weight 
-0.190 0.069 -0.089 -0.154 0.055 -0.046 
<0.01 0.17 0.07 <0.01 0.27 0.35 
Post-trim weight 
-0.185 0.023 -0.110 -0.146 0.025 -0.065 
<0.01 0.64 0.03 <0.01 0.61 0.19 
Inside weight 
-0.241 -0.019 -0.205 -0.159 -0.035 -0.164 
<0.0001 0.70 <0.0001 <0.01 0.48 <0.01 
Outside weight 
-0.260 0.011 -0.196 -0.204 0.029 -0.104 
<0.0001 0.83 <0.0001 <0.0001 0.56 0.04 
Knuckle weight 
-0.150 -0.010 -0.093 -0.120 -0.029 -0.123 
<0.01 0.84 0.06 0.01 0.56 0.01 
Shank weight 
-0.163 0.049 -0.070 -0.094 0.033 -0.024 
<0.01 0.32 0.15 0.06 0.51 0.63 
Lite butt weight 
-0.089 -0.021 -0.076 -0.097 -0.066 -0.120 
0.07 0.67 0.12 0.05 0.18 0.01 
Gluteus profundus 
      
     L* 
0.199 -0.086 0.145 0.250 -0.018 0.183 
<0.0001 <0.01 <0.0001 <0.0001 0.72 <0.01 
     a* 
-0.023 0.102 0.045 -0.012 0.042 0.070 
0.29 <0.0001 0.04 0.80 0.40 0.15 
     b* 
0.021 0.116 0.102 -0.007 0.197 0.120 
0.35 <0.0001 <0.0001 0.89 <0.0001 0.01 
Gluteus medius 
      
     L* 
0.411 -0.114 0.335 0.478 -0.040 0.314 
<0.0001 <0.0001 <0.0001 <0.0001 0.41 <0.0001 
     a* 
-0.255 0.367 -0.050 -0.226 0.374 0.116 
<0.0001 <0.0001 0.02 <0.0001 <0.0001 0.02 
     b* 
-0.002 0.252 0.160 0.011 0.362 0.220 
0.94 <0.0001 <0.0001 0.82 <0.0001 <0.0001 
Semimembranosus 
      
     L* 
0.281 -0.045 0.246 0.372 0.045 0.278 
<0.0001 0.37 <0.0001 <0.0001 0.36 <0.0001 
     a* 
-0.187 0.312 -0.014 -0.138 0.369 0.157 
<0.01 <0.0001 0.78 0.01 <0.0001 <0.01 
     b* 
0.053 0.148 0.186 0.112 0.238 0.290 
0.28 <0.01 <0.01 0.02 <0.0001 <0.0001 
Adductor 
      
     L* 
0.215 -0.082 0.141 0.324 -0.009 0.202 
<0.0001 0.10 <0.01 <0.0001 0.86 <0.0001 
     a* 
-0.151 0.279 0.036 -0.091 0.230 0.105 
<0.01 <0.0001 0.47 0.07 <0.0001 0.03 
     b* 
-0.031 0.154 0.090 0.089 0.170 0.185 





Table E.10. Continued. Quality production focus population Pearson correlation 
coefficients of instrumental loin color with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Semitendinosus, light 
     
     L* 
0.335 -0.162 0.265 0.205 -0.123 0.099 
<0.0001 <0.01 <0.0001 <0.0001 0.01 0.05 
     a* 
-0.207 0.357 0.019 -0.089 0.315 0.146 
<0.0001 <0.0001 0.70 0.07 <0.0001 <0.01 
     b* 
0.221 0.056 0.330 0.153 0.010 0.156 
<0.0001 0.26 <0.0001 <0.01 0.84 <0.01 
Semitendinosus, dark 
     
     L* 
0.181 -0.019 0.159 0.223 0.007 0.121 
<0.01 0.70 <0.01 <0.0001 0.89 0.01 
     a* 
0.010 0.132 0.112 0.008 0.115 0.143 
0.85 0.01 0.02 0.87 0.02 <0.01 
     b* 
0.067 0.121 0.154 0.092 0.145 0.159 
0.18 0.01 <0.01 0.06 <0.01 <0.01 
Biceps femoris 
      
     L* 
0.326 -0.054 0.217 0.368 0.012 0.220 
<0.0001 0.27 <0.0001 <0.0001 0.81 <0.0001 
     a* 
-0.170 0.303 0.025 -0.151 0.397 0.177 
<0.01 <0.0001 0.62 <0.01 <0.0001 <0.01 
     b* 
0.018 0.234 0.161 0.073 0.305 0.234 
0.72 <0.0001 <0.01 0.14 <0.0001 <0.0001 
Vastus lateralis 
      
     L* 
0.309 -0.178 0.188 0.353 -0.193 0.100 
<0.0001 <0.01 <0.01 <0.0001 <0.0001 0.04 
     a* 
-0.167 0.253 -0.026 -0.120 0.345 0.170 
<0.01 <0.0001 0.59 0.02 <0.0001 <0.01 
     b* 
-0.038 0.056 0.032 0.037 0.135 0.142 
0.45 0.26 0.52 0.46 0.01 <0.01 
Rectus femoris 
      
     L* 
0.405 -0.255 0.222 0.327 -0.197 0.070 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.16 
     a* 
-0.205 0.304 0.000 -0.081 0.385 0.243 
<0.0001 <0.0001 1.00 0.10 <0.0001 <0.0001 
     b* 
0.067 -0.006 0.072 -0.004 0.114 0.076 






Table E.10. Continued. Quality production focus population Pearson correlation 
coefficients of instrumental loin color with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
pH 
           Semimembran-
osus 
-0.017 -0.069 -0.030 -0.157 -0.225 -0.206 
0.73 0.16 0.55 <0.01 <0.0001 <0.0001 
     Adductor 
-0.003 -0.081 -0.024 -0.151 -0.235 -0.206 
0.95 0.10 0.62 <0.01 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.052 -0.075 -0.080 -0.193 -0.216 -0.221 
0.29 0.13 0.10 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.018 -0.094 -0.062 -0.174 -0.235 -0.224 
0.71 0.06 0.21 <0.01 <0.0001 <0.0001 
     Biceps femoris 
-0.038 -0.049 -0.041 -0.218 -0.217 -0.219 
0.44 0.32 0.41 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.035 -0.059 -0.067 -0.204 -0.229 -0.229 
0.48 0.23 0.18 <0.0001 <0.0001 <0.0001 
     Rectus femoris 
-0.065 -0.044 -0.084 -0.272 -0.227 -0.288 
0.19 0.37 0.09 <0.0001 <0.0001 <0.0001 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* 
value indicates a more yellow color). Instrumental color on fresh ham muscles was 
determined on one measure per muscle. Instrumental color on the loin was determined as 
the average of 2 measurements on the ventral surface of the loin. Instrumental color and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head 
of the femur was removed, semitendinosus light (medial edge of the distal end), biceps 
femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 





Table E.11. Quality production focus population Pearson correlation coefficients of loin weight, 
















0.737 0.020 -0.117 0.052 0.102 -0.146 -0.048 
<0.0001 0.71 0.02 0.29 0.04 <0.01 0.33 
Pumped 
weight 
0.696 0.028 -0.084 0.029 0.080 -0.130 -0.006 
<0.0001 0.59 0.09 0.56 0.11 0.01 0.90 
Pump percent 
-0.143 0.023 0.132 -0.090 -0.106 0.035 0.127 




0.709 0.026 -0.085 0.037 0.079 -0.139 -0.018 
<0.0001 0.61 0.08 0.46 0.11 <0.01 0.72 
Pump 
retention 
-0.133 0.019 0.158 -0.076 -0.132 0.005 0.104 
0.01 0.71 <0.01 0.12 0.01 0.92 0.03 
Stuffed 
weight 
0.714 0.037 -0.072 0.051 0.062 -0.152 -0.027 
<0.0001 0.48 0.14 0.31 0.21 <0.01 0.59 
Stuffed yield 
-0.102 0.003 0.152 -0.011 -0.125 -0.016 0.050 




0.699 0.034 -0.042 0.067 0.030 -0.196 -0.055 




0.699 0.035 -0.040 0.067 0.029 -0.195 -0.051 
<0.0001 0.50 0.42 0.18 0.57 <0.0001 0.30 
Cooked yield 
0.035 0.024 0.212 0.046 -0.186 -0.157 -0.022 




       
     L* 
0.159 0.177 -0.197 -0.074 0.213 0.111 0.060 
<0.01 <0.01 <0.0001 0.14 <0.0001 0.03 0.23 
     a* 
0.117 -0.011 -0.010 0.020 0.008 0.000 -0.076 
0.02 0.84 0.84 0.68 0.87 1.00 0.13 
     b* 
0.054 -0.092 -0.333 -0.212 0.177 0.195 -0.079 
0.27 0.08 <0.0001 <0.0001 <0.01 <0.0001 0.11 
Bind strength 
-0.114 -0.045 -0.027 -0.086 -0.002 0.027 0.034 






Table E.11. Continued. Quality production focus population Pearson correlation coefficients of 

















           Moisture, 
% 
0.059 -0.021 0.153 0.060 -0.107 -0.085 0.017 
0.23 0.69 <0.01 0.22 0.03 0.09 0.74 
     Lipid, % 
-0.013 0.074 -0.082 0.051 0.054 -0.008 -0.095 
0.80 0.15 0.10 0.31 0.28 0.87 0.06 
     Protein, % 
-0.133 -0.131 -0.061 -0.128 0.022 0.100 0.076 
0.01 0.01 0.22 0.01 0.66 0.04 0.13 
     PFF
4
 
-0.144 -0.114 -0.089 -0.120 0.042 0.105 0.051 
<0.01 0.03 0.07 0.02 0.41 0.04 0.30 
1 




 SSF = slice shear force . 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the average 
of 4 measurements. 
4





Table E.12. Quality production focus population Pearson correlation coefficients of 


















-0.007 -0.193 0.103 0.082 -0.075 -0.059 
0.89 <0.0001 0.04 0.10 0.13 0.24 
Pumped 
weight 
0.036 -0.170 0.124 0.100 -0.102 -0.067 
0.46 <0.01 0.01 0.04 0.04 0.18 
Pump percent 
0.146 0.086 0.094 0.081 -0.088 -0.038 




0.031 -0.179 0.121 0.099 -0.100 -0.068 
0.52 <0.01 0.01 0.04 0.04 0.17 
Pump 
retention 
0.154 0.062 0.091 0.085 -0.100 -0.054 
<0.01 0.20 0.06 0.08 0.04 0.28 
Stuffed 
weight 
0.056 -0.158 0.144 0.108 -0.084 -0.070 
0.26 <0.01 <0.01 0.03 0.09 0.16 
Stuffed yield 
0.215 0.145 0.161 0.081 0.011 -0.043 




0.059 -0.134 0.151 0.127 -0.060 -0.087 




0.061 -0.133 0.151 0.126 -0.061 -0.088 
0.21 0.01 <0.01 0.01 0.22 0.08 
Cooked yield 
0.234 0.139 0.184 0.141 0.040 -0.098 
<0.0001 <0.01 <0.01 <0.01 0.42 0.05 
Cured color 
      
     L* 
-0.167 0.011 -0.005 -0.257 0.032 -0.038 
<0.01 0.82 0.91 <0.0001 0.52 0.44 
     a* 
0.215 -0.004 0.045 0.121 -0.087 0.059 
<0.0001 0.94 0.36 0.01 0.08 0.24 
     b* 
-0.099 -0.095 -0.098 -0.169 -0.013 0.111 
0.04 0.05 0.05 <0.01 0.80 0.03 
Bind strength 
0.068 0.130 0.038 0.013 0.095 -0.049 






Table E.12. Continued. Quality production focus population Pearson correlation 


















          Moisture, 
% 
0.011 -0.224 -0.052 0.052 -0.193 -0.148 
0.82 <0.0001 0.29 0.29 <0.0001 <0.01 
     Lipid, % 
0.079 0.349 0.123 -0.010 0.314 0.123 
0.11 <0.0001 0.01 0.84 <0.0001 0.01 
     Protein, % 
-0.161 -0.203 -0.135 -0.057 -0.148 0.017 
<0.01 <0.0001 0.01 0.25 <0.01 0.74 
     PFF
3
 
-0.143 -0.106 -0.103 -0.063 -0.059 0.057 
<0.01 0.03 0.04 0.21 0.23 0.25 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined on 
ham steaks as the average of 4 measurements. 
3





Table E.13. Quality production focus population Pearson correlation coefficients of 




1 d 20d 
Variable L* a* b* L* a* b* 
Green weight 
-0.215 -0.041 -0.176 -0.173 -0.060 -0.163 
<0.0001 0.41 <0.01 <0.01 0.23 <0.01 
Pumped 
weight 
-0.243 -0.036 -0.204 -0.191 -0.066 -0.182 
<0.0001 0.46 <0.0001 <0.0001 0.18 <0.01 
Pump percent 
-0.083 0.016 -0.076 -0.053 -0.056 -0.082 




-0.244 -0.038 -0.205 -0.194 -0.067 -0.186 
<0.0001 0.44 <0.0001 <0.0001 0.17 <0.01 
Pump 
retention 
-0.102 0.010 -0.096 -0.074 -0.073 -0.110 
0.04 0.84 0.05 0.13 0.14 0.03 
Stuffed 
weight 
-0.264 -0.010 -0.204 -0.211 -0.057 -0.178 
<0.0001 0.84 <0.0001 <0.0001 0.26 <0.01 
Stuffed yield 
-0.142 0.154 -0.049 -0.139 0.015 -0.058 




-0.271 -0.002 -0.216 -0.227 -0.074 -0.206 




-0.274 0.001 -0.216 -0.228 -0.073 -0.205 
<0.0001 0.99 <0.0001 <0.0001 0.14 <0.0001 
Cooked yield 
-0.226 0.138 -0.151 -0.219 -0.045 -0.166 
<0.0001 0.01 <0.01 <0.0001 0.37 <0.01 
Cured color 
      
     L* 
0.118 -0.117 0.056 0.260 -0.073 0.100 
0.02 0.02 0.26 <0.0001 0.14 0.04 
     a* 
-0.283 0.345 -0.089 -0.328 0.363 0.010 
<0.0001 <0.0001 0.07 <0.0001 <0.0001 0.84 
     b* 
0.127 0.127 0.210 0.166 0.226 0.287 
0.01 0.01 <0.0001 <0.01 <0.0001 <0.0001 
Bind strength 
0.040 0.057 0.053 0.017 0.063 0.063 






Table E.13. Continued. Quality production focus population Pearson correlation 
coefficients of instrumental loin color with processed ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Proximate Composition 
          Moisture, 
% 
-0.138 -0.148 -0.292 -0.152 -0.131 -0.238 
0.01 <0.01 <0.0001 <0.01 0.01 <0.0001 
     Lipid, % 
0.067 0.189 0.227 0.097 0.123 0.182 
0.18 <0.01 <0.0001 0.05 0.01 <0.01 
     Protein, % 
0.184 -0.153 0.112 0.106 -0.055 0.074 
<0.01 <0.01 0.02 0.03 0.27 0.14 
     PFF
3
 
0.214 -0.102 0.187 0.142 -0.018 0.136 
<0.0001 0.04 <0.01 <0.01 0.71 0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined 
on ham steaks as the average of 4 measurements. Instrumental color of the loin was 
determined as the average of 2 measurements the ventral surface of the loin. 
3



































Weight, 1 d 
0.824 0.780 -0.143 0.792 -0.137 0.793 -0.131 0.778 0.779 0.045 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 0.01 <0.0001 <0.0001 0.35 
Pre-trim weight 
0.808 0.765 -0.144 0.777 -0.141 0.775 -0.139 0.766 0.767 0.039 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 0.43 
Post-trim weight 
0.855 0.815 -0.138 0.827 -0.131 0.827 -0.130 0.809 0.809 0.032 
<0.0001 <0.0001 <0.01 <0.0001 0.01 <0.0001 0.01 <0.0001 <0.0001 0.51 
Inside weight 
0.905 0.887 -0.023 0.894 -0.019 0.895 -0.032 0.882 0.881 0.194 
<0.0001 <0.0001 0.63 <0.0001 0.70 <0.0001 0.51 <0.0001 <0.0001 <0.0001 
Outside weight 
0.933 0.907 -0.071 0.914 -0.073 0.910 -0.112 0.894 0.893 0.079 
<0.0001 <0.0001 0.14 <0.0001 0.13 <0.0001 0.02 <0.0001 <0.0001 0.10 
Knuckle weight 
0.796 0.762 -0.101 0.772 -0.097 0.764 -0.128 0.751 0.751 0.046 
<0.0001 <0.0001 0.04 <0.0001 0.04 <0.0001 0.01 <0.0001 <0.0001 0.34 
Shank weight 
0.562 0.547 -0.041 0.554 -0.031 0.557 -0.019 0.548 0.548 0.093 
<0.0001 <0.0001 0.39 <0.0001 0.51 <0.0001 0.69 <0.0001 <0.0001 0.06 
Lite butt weight 
0.332 0.345 0.040 0.345 0.044 0.340 -0.003 0.343 0.343 0.093 
<0.0001 <0.0001 0.40 <0.0001 0.36 <0.0001 0.95 <0.0001 <0.0001 0.05 
Gluteus profundus 
          
 
     L* 
-0.173 -0.202 -0.104 -0.200 -0.111 -0.209 -0.091 -0.215 -0.217 -0.165 
<0.01 <0.0001 0.03 <0.0001 0.02 <0.0001 0.06 <0.0001 <0.0001 <0.01 
 
     a* 
0.043 0.031 -0.041 0.036 -0.029 0.039 0.012 0.043 0.040 -0.014 
0.37 0.51 0.39 0.46 0.54 0.42 0.80 0.37 0.41 0.77 
 
     b* 
0.042 0.046 0.028 0.044 0.029 0.063 0.103 0.064 0.062 0.060 
0.38 0.34 0.56 0.36 0.55 0.19 0.03 0.18 0.20 0.22 
Gluteus medius 
          
 
     L* 
-0.164 -0.186 -0.083 -0.188 -0.103 -0.201 -0.102 -0.221 -0.224 -0.213 
<0.01 <0.0001 0.08 <0.0001 0.03 <0.0001 0.03 <0.0001 <0.0001 <0.0001 
 
     a* 
0.047 0.042 -0.058 0.044 -0.059 0.044 -0.008 0.045 0.045 -0.031 
0.33 0.38 0.23 0.35 0.22 0.36 0.86 0.35 0.35 0.52 
 
     b* 
0.060 0.069 0.020 0.063 -0.003 0.076 0.058 0.074 0.074 0.016 





































          
 
     L* 
-0.123 -0.126 -0.011 -0.125 -0.006 -0.141 -0.055 -0.163 -0.163 -0.148 
0.01 0.01 0.81 0.01 0.89 <0.01 0.26 <0.01 <0.01 <0.01 
 
     a* 
0.136 0.119 -0.065 0.121 -0.076 0.131 -0.029 0.132 0.133 0.023 
<0.01 0.01 0.18 0.01 0.12 0.01 0.55 0.01 0.01 0.63 
 
     b* 
0.095 0.070 -0.081 0.077 -0.068 0.097 0.007 0.067 0.067 -0.033 
0.05 0.14 0.09 0.11 0.16 0.04 0.89 0.17 0.17 0.49 
Adductor 
          
 
     L* 
-0.232 -0.220 0.037 -0.223 0.035 -0.207 0.106 -0.232 -0.235 -0.040 
<0.0001 <0.0001 0.44 <0.0001 0.46 <0.0001 0.03 <0.0001 <0.0001 0.41 
 
     a* 
0.021 0.014 -0.034 0.016 -0.035 0.009 -0.061 0.013 0.013 -0.046 
0.66 0.77 0.49 0.75 0.47 0.86 0.21 0.79 0.79 0.34 
 
     b* 
-0.104 -0.097 0.014 -0.098 0.013 -0.096 -0.004 -0.115 -0.116 -0.057 
0.03 0.04 0.78 0.04 0.78 0.05 0.93 0.02 0.02 0.24 
Semitendinosus, light 
         
 
     L* 
-0.230 -0.259 -0.119 -0.253 -0.108 -0.284 -0.187 -0.291 -0.293 -0.247 
<0.0001 <0.0001 0.01 <0.0001 0.02 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
 
     a* 
0.082 0.073 -0.032 0.073 -0.041 0.100 0.037 0.103 0.104 0.051 
0.09 0.13 0.51 0.13 0.40 0.04 0.45 0.03 0.03 0.29 
 
     b* 
-0.200 -0.240 -0.155 -0.231 -0.142 -0.245 -0.184 -0.247 -0.247 -0.216 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 
Semitendinosus, dark 
         
 
     L* 
-0.086 -0.087 -0.008 -0.095 -0.044 -0.107 -0.111 -0.118 -0.120 -0.155 
0.08 0.07 0.87 0.05 0.36 0.03 0.02 0.01 0.01 <0.01 
 
     a* 
-0.044 -0.082 -0.161 -0.070 -0.135 -0.072 -0.007 -0.077 -0.076 -0.040 
0.36 0.09 <0.01 0.14 0.01 0.13 0.88 0.11 0.12 0.41 
 
     b* 
0.001 -0.027 -0.111 -0.025 -0.123 -0.038 -0.083 -0.057 -0.057 -0.124 





































          
 
     L* 
-0.152 -0.149 0.032 -0.154 0.020 -0.147 0.025 -0.159 -0.161 -0.049 
<0.01 <0.01 0.50 <0.01 0.69 <0.01 0.61 <0.01 <0.01 0.31 
 
     a* 
0.103 0.098 -0.043 0.101 -0.040 0.110 0.028 0.098 0.099 0.015 
0.03 0.04 0.37 0.04 0.41 0.02 0.56 0.04 0.04 0.75 
 
     b* 
0.046 0.042 -0.014 0.043 -0.015 0.062 0.067 0.048 0.048 0.028 
0.34 0.38 0.78 0.37 0.76 0.20 0.17 0.32 0.32 0.56 
Vastus lateralis 
          
 
     L* 
-0.208 -0.194 0.039 -0.199 0.029 -0.199 0.058 -0.188 -0.188 -0.011 
<0.0001 <0.0001 0.42 <0.0001 0.54 <0.0001 0.23 <0.0001 <0.0001 0.83 
 
     a* 
0.032 0.019 -0.048 0.018 -0.062 0.021 -0.062 0.012 0.011 -0.070 
0.51 0.69 0.32 0.70 0.20 0.67 0.20 0.81 0.82 0.15 
 
     b* 
0.058 0.059 -0.005 0.058 -0.011 0.060 0.032 0.070 0.070 0.026 
0.23 0.22 0.92 0.23 0.82 0.22 0.51 0.15 0.15 0.59 
Rectus femoris 
          
 
     L* 
-0.055 -0.051 0.032 -0.054 0.024 -0.073 -0.049 -0.076 -0.080 -0.097 
0.25 0.29 0.51 0.26 0.61 0.13 0.31 0.11 0.10 0.05 
 
     a* 
0.009 -0.008 -0.092 -0.008 -0.112 0.005 -0.023 -0.017 -0.017 -0.075 
0.86 0.87 0.06 0.87 0.02 0.92 0.63 0.73 0.73 0.13 
 
     b* 
0.160 0.134 -0.085 0.136 -0.099 0.131 -0.087 0.112 0.108 -0.118 





































          
 
Semimembranosus 
0.007 -0.020 -0.077 -0.018 -0.083 -0.014 -0.019 0.028 0.029 0.062 
0.88 0.67 0.11 0.71 0.09 0.76 0.69 0.56 0.55 0.20 
 
Adductor 
0.021 -0.012 -0.095 -0.007 -0.090 -0.003 -0.017 0.047 0.048 0.074 




0.001 -0.030 -0.075 -0.026 -0.071 -0.019 0.001 0.029 0.031 0.090 




-0.028 -0.038 -0.025 -0.035 -0.011 -0.027 0.038 0.015 0.017 0.102 
0.56 0.42 0.61 0.47 0.83 0.57 0.44 0.75 0.73 0.04 
 
Biceps femoris 
-0.035 -0.055 -0.051 -0.051 -0.045 -0.043 0.032 0.002 0.004 0.094 
0.46 0.25 0.29 0.28 0.35 0.37 0.51 0.97 0.94 0.05 
 
Vastus lateralis 
-0.053 -0.079 -0.077 -0.073 -0.067 -0.064 0.026 -0.024 -0.022 0.082 
0.27 0.10 0.11 0.13 0.16 0.18 0.59 0.62 0.65 0.09 
 
Rectus femoris 
0.008 -0.012 -0.069 -0.003 -0.046 0.007 0.031 0.047 0.048 0.111 
0.88 0.81 0.15 0.94 0.34 0.89 0.52 0.33 0.32 0.02 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 





Table E.15. Quality production focus population Pearson correlation coefficients of fresh ham traits with processed 










L* Cured a* Cured b* 
Moisture, 





Weight, 1 d 
0.150 0.135 0.086 -0.108 -0.022 0.104 -0.164 -0.141 
<0.01 <0.01 0.07 0.03 0.65 0.03 <0.01 <0.01 
Pre-trim weight 
0.145 0.123 0.079 -0.108 -0.019 0.100 -0.160 -0.138 
<0.01 0.01 0.10 0.03 0.69 0.04 <0.01 <0.01 
Post-trim weight 
0.170 0.085 0.079 -0.120 0.040 0.021 -0.120 -0.120 
0.00 0.08 0.10 0.02 0.41 0.67 0.01 0.01 
Inside weight 
0.167 0.120 0.023 -0.152 0.095 -0.011 -0.165 -0.177 
<0.01 0.01 0.63 <0.01 0.05 0.81 <0.01 <0.01 
Outside weight 
0.200 0.140 0.078 -0.119 0.007 0.130 -0.228 -0.201 
<0.0001 <0.01 0.11 0.02 0.88 0.01 <0.0001 <0.0001 
Knuckle weight 
0.100 0.106 0.040 -0.108 0.086 -0.076 -0.034 -0.058 
0.04 0.03 0.40 0.03 0.08 0.11 0.48 0.23 
Shank weight 
0.144 0.100 0.064 -0.084 0.034 0.039 -0.153 -0.149 
<0.01 0.04 0.18 0.09 0.48 0.42 <0.01 <0.01 
Lite butt weight 
0.024 0.028 -0.061 0.002 0.011 0.050 -0.095 -0.085 
0.62 0.56 0.20 0.97 0.81 0.31 0.05 0.08 
Gluteus profundus 
       
 
     L* 
0.051 -0.176 0.074 0.087 -0.140 0.123 0.089 0.130 
0.29 <0.01 0.13 0.08 <0.01 0.01 0.06 0.01 
 
     a* 
-0.161 0.060 0.021 0.031 -0.078 0.053 0.085 0.106 
<0.01 0.22 0.67 0.53 0.10 0.27 0.08 0.03 
 
     b* 
0.066 0.138 0.007 0.031 -0.133 0.193 -0.148 -0.098 
0.17 <0.01 0.89 0.53 0.01 <0.0001 <0.01 0.04 
Gluteus medius 
       
 
     L* 
0.144 -0.255 0.215 0.059 -0.221 0.143 0.181 0.233 
<0.01 <0.0001 <0.0001 0.23 <0.0001 <0.01 <0.01 <0.0001 
 
     a* 
-0.146 0.327 0.096 -0.023 -0.121 0.154 -0.124 -0.083 
<0.01 <0.0001 0.05 0.65 0.01 <0.01 0.01 0.08 
 
     b* 
0.179 0.220 0.142 -0.001 -0.208 0.273 -0.248 -0.179 






Table E.15. Continued. Quality production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






       
 
     L* 
0.084 -0.148 0.191 -0.064 -0.135 0.087 0.117 0.150 
0.08 <0.01 <0.0001 0.20 0.01 0.07 0.02 <0.01 
 
     a* 
-0.050 0.336 0.140 0.012 -0.096 0.141 -0.166 -0.133 
0.30 <0.0001 <0.01 0.81 0.05 <0.01 <0.01 0.01 
 
     b* 
0.070 0.058 0.202 -0.031 -0.130 0.132 -0.014 0.025 
0.15 0.23 <0.0001 0.53 0.01 0.01 0.77 0.61 
Adductor 
        
 
     L* 
0.111 -0.214 0.133 0.054 -0.093 0.050 0.105 0.125 
0.02 <0.0001 0.01 0.28 0.06 0.31 0.03 0.01 
 
     a* 
-0.122 0.214 0.080 0.005 -0.076 0.062 -0.035 -0.018 
0.01 <0.0001 0.10 0.92 0.12 0.20 0.47 0.71 
 
     b* 
0.011 0.026 0.106 0.045 -0.122 0.094 0.002 0.031 
0.82 0.60 0.03 0.37 0.01 0.05 0.96 0.52 
Semitendinosus, light 
       
 
     L* 
-0.096 -0.219 0.064 0.050 -0.220 0.093 0.264 0.306 
0.05 <0.0001 0.18 0.32 <0.0001 0.05 <0.0001 <0.0001 
 
     a* 
0.046 0.318 0.126 -0.001 -0.066 0.201 -0.281 -0.235 
0.34 <0.0001 0.01 0.99 0.17 <0.0001 <0.0001 <0.0001 
 
     b* 
-0.079 -0.053 0.119 0.060 -0.290 0.243 0.089 0.169 
0.10 0.27 0.01 0.23 <0.0001 <0.0001 0.06 <0.01 
Semitendinosus, dark 
       
 
     L* 
0.183 -0.087 0.029 0.159 -0.172 0.235 -0.118 -0.052 
<0.01 0.07 0.56 <0.01 <0.01 <0.0001 0.01 0.29 
 
     a* 
-0.059 0.049 0.127 -0.020 -0.166 0.103 0.112 0.149 
0.23 0.31 0.01 0.68 <0.01 0.03 0.02 <0.01 
 
     b* 
0.172 0.038 0.094 0.078 -0.230 0.239 -0.081 -0.011 






Table E.15. Continued. Quality production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






       
 
     L* 
0.136 -0.144 0.116 -0.022 -0.041 -0.012 0.111 0.114 
<0.01 <0.01 0.02 0.66 0.40 0.80 0.02 0.02 
 
     a* 
-0.052 0.358 0.206 0.015 -0.163 0.161 -0.115 -0.073 
0.28 <0.0001 <0.0001 0.76 <0.01 <0.01 0.02 0.13 
 
     b* 
0.085 0.229 0.230 -0.020 -0.134 0.116 -0.089 -0.058 
0.08 <0.0001 <0.0001 0.69 0.01 0.02 0.07 0.23 
Vastus lateralis 
      
 
     L* 
0.170 -0.246 0.089 0.025 -0.058 0.053 0.066 0.086 
<0.01 <0.0001 0.07 0.61 0.23 0.28 0.17 0.08 
 
     a* 
-0.141 0.263 0.122 0.071 -0.101 0.101 -0.062 -0.035 
<0.01 <0.0001 0.01 0.16 0.04 0.04 0.20 0.48 
 
     b* 
0.070 0.058 0.149 0.032 -0.085 0.080 -0.019 0.005 
0.15 0.23 <0.01 0.52 0.08 0.10 0.69 0.92 
Rectus femoris 
      
 
     L* 
0.117 -0.257 0.088 0.022 -0.059 0.063 0.065 0.088 
0.02 <0.0001 0.07 0.67 0.22 0.20 0.18 0.07 
 
     a* 
-0.073 0.252 0.155 0.091 -0.117 0.100 -0.038 -0.011 
0.13 <0.0001 <0.01 0.07 0.02 0.04 0.43 0.83 
 
     b* 
0.046 0.047 0.125 0.102 -0.058 0.038 0.012 0.024 






Table E.15. Continued. Quality production focus population Pearson correlation coefficients of fresh ham traits with 
processed ham color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






        
 
Semimembranosus 
-0.060 -0.050 -0.209 -0.046 0.086 -0.017 -0.078 -0.088 
0.22 0.30 <0.0001 0.36 0.07 0.72 0.10 0.07 
 
Adductor 
-0.101 -0.058 -0.229 -0.034 0.059 0.015 -0.075 -0.075 




-0.168 -0.015 -0.185 -0.036 0.078 -0.007 -0.070 -0.077 




-0.217 -0.036 -0.196 0.007 0.073 -0.021 -0.026 -0.035 
<0.0001 0.45 <0.0001 0.89 0.13 0.66 0.58 0.47 
 
Biceps femoris 
-0.136 -0.029 -0.220 -0.001 0.041 0.018 -0.057 -0.055 
<0.01 0.54 <0.0001 0.98 0.39 0.71 0.24 0.26 
 
Vastus lateralis 
-0.103 -0.070 -0.199 -0.029 0.061 0.002 -0.052 -0.055 
0.03 0.15 <0.0001 0.56 0.21 0.97 0.28 0.25 
 
Rectus femoris 
-0.123 -0.032 -0.214 -0.006 0.086 -0.020 -0.047 -0.057 
0.01 0.50 <0.0001 0.91 0.07 0.68 0.33 0.24 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris 
(proximal face). Instrumental color cured ham was determined on as the average of 4 measurements on a ham steak. 
3





Table E.16. Quality production focus population Pearson correlation 















0.045 -0.197 0.020 0.157 -0.136 -0.099 
0.39 <0.0001 0.68 <0.01 0.01 0.04 
pH, 31 
min  
 0.028 -0.004 0.066 0.072 0.186 
 0.59 0.94 0.21 0.17 <0.01 
pH, 1 d 
 1.000 0.598 -0.549 -0.491 -0.119 
  <0.0001 <0.0001 <0.0001 0.02 
pH, 20 d 
  1.000 -0.472 -0.664 -0.386 




   1.000 0.511 0.293 




    1.000 0.523 
     <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2





Table E.17. Quality production focus population Pearson correlation coefficients of loin color, marbling, and firmness
1,2 
 
      











20 d L* a* b* L* a* b* 
Color, 1 
d 
0.397 0.242 0.333 0.104 0.093 -0.543 0.293 -0.337 -0.470 0.215 -0.129 
<0.0001 <0.0001 <0.0001 0.03 0.06 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 
Marbling, 
1 d 
1.000 0.295 0.201 0.559 0.176 0.035 0.154 0.128 -0.072 0.053 0.097 
 
<0.0001 <0.0001 <0.0001 <0.01 0.12 <0.0001 <0.0001 0.14 0.28 0.05 
Firmness, 
1 d  
1.000 0.174 0.195 0.116 -0.131 0.111 -0.004 -0.217 0.009 -0.089 
  
<0.01 <0.0001 0.02 <0.0001 <0.0001 0.86 <0.0001 0.86 0.07 
Color, 20 
d   
1.000 0.208 0.106 -0.314 0.116 -0.155 -0.614 -0.057 -0.369 
   
<0.0001 0.03 <0.0001 0.02 <0.01 <0.0001 0.24 <0.0001 
Marbling, 
20 d    
1.000 0.169 0.112 0.108 0.186 -0.023 -0.052 0.056 
    
<0.01 0.02 0.03 <0.01 0.64 0.28 0.26 
Firmness, 
20 d     
1.000 0.000 0.122 0.129 -0.064 0.112 0.080 
     
1.00 0.01 0.01 0.19 0.02 0.10 
1 d 
           
     L*       
-0.327 0.712 0.608 -0.238 0.242 
      
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a*        
0.237 -0.247 0.538 0.228 
       
<0.0001 <0.0001 <0.0001 <0.0001 
     b*         
0.406 0.021 0.386 
        
<0.0001 0.68 <0.0001 
20 d 
           
     L*          
-0.195 0.501 
         
<0.0001 <0.0001 
     a*           
0.640 
          
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow color). Instrumental loin color was determined as the average of 2 





Table E.18. Quality production focus population Pearson 
correlation coefficients of carcass composition with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
 






-0.343 -0.571 -0.108 0.507 




-0.315 -0.589 -0.073 0.547 




-0.386 -0.519 -0.139 0.441 
<0.0001 <0.0001 0.01 <0.0001 
SFA 
0.304 0.387 0.136 -0.318 
<0.0001 <0.0001 0.01 <0.0001 
MUFA 
0.080 0.152 -0.034 -0.154 
0.10 <0.01 0.50 <0.01 
PUFA 
-0.369 -0.525 -0.100 0.460 
<0.0001 <0.0001 0.05 <0.0001 
USFA:SFA 
-0.311 -0.381 -0.138 0.312 
<0.0001 <0.0001 0.01 <0.0001 
PUFA:SFA 
-0.395 -0.532 -0.137 0.454 
<0.0001 <0.0001 0.01 <0.0001 
C 14:0, % 
0.056 0.204 -0.004 -0.198 
0.24 <0.0001 0.93 <0.0001 
C 15:0, % 
-0.349 -0.252 -0.147 0.182 
<0.0001 <0.0001 <0.01 <0.01 
C 16:0, % 
0.375 0.412 0.191 -0.319 
<0.0001 <0.0001 <0.01 <0.0001 
C 16:1, % 
0.053 0.107 0.041 -0.085 
0.27 0.04 0.42 0.09 
C 17:0, % 
-0.396 -0.354 -0.219 0.248 
<0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
-0.409 -0.250 -0.208 0.158 
<0.0001 <0.0001 <0.0001 <0.01 
C 18:0, % 
0.150 0.247 0.039 -0.223 
<0.01 <0.0001 0.45 <0.0001 
C 18:1 n9, 
% 
0.103 0.148 -0.021 -0.145 
0.03 <0.01 0.68 <0.01 
C 18:2 n6, 
% 
-0.320 -0.513 -0.065 0.462 
<0.0001 <0.0001 0.20 <0.0001 
C 18:3 n6, 
% 
-0.156 -0.177 -0.035 0.152 
<0.01 <0.01 0.49 <0.01 
C 18:3 n3, 
% 
-0.605 -0.377 -0.348 0.221 
<0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.269 0.262 0.118 -0.205 






Table E.18. Continued. Quality production focus 
population Pearson correlation coefficients of carcass 




Variable HCW BF LD 
Percent 
Lean 
C 20:1 n9, 
% 
-0.056 0.118 -0.098 -0.151 
0.25 0.02 0.05 <0.01 
C 20:2 n6, 
% 
-0.094 -0.260 0.013 0.253 
0.05 <0.0001 0.79 <0.0001 
C 20:3 n6, 
% 
-0.282 -0.319 -0.058 0.282 
<0.0001 <0.0001 0.26 <0.0001 
C 20:4 n6, 
% 
-0.373 -0.478 -0.153 0.395 
<0.0001 <0.0001 <0.01 <0.0001 
C 20:3 n3, 
% 
-0.473 -0.266 -0.246 0.156 
<0.0001 <0.0001 <0.0001 <0.01 
C 20:5 n3, 
% 
-0.057 -0.099 0.088 0.121 
0.24 0.05 0.08 0.02 
C 22:0, % 
0.037 -0.075 0.109 0.117 
0.44 0.14 0.03 0.02 
C 22:1 n9, 
% 
-0.034 -0.020 0.003 0.024 
0.48 0.69 0.95 0.64 
C 22:4 n6, 
% 
-0.002 -0.047 0.003 0.045 
0.96 0.36 0.96 0.38 
C 22:5, % 
-0.421 -0.167 -0.254 0.057 
<0.0001 <0.01 <0.0001 0.26 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
1
 IV = iodine value. GC = gas chromatography. SFA = 
saturated fatty acids. MUFA = monounsaturated fatty 
acids. PUFA = polyunsaturated fatty acids. USFA:SFA = 
ratio of unsaturated fatty acids (MUFA + PUFA) to 
saturated fatty acids. PUFA:SFA = ratio of polyunsaturated 





Table E.19. Quality production focus population Pearson correlation coefficients of loin 
weight, pH, water holding capacity, and slice shear force with iodine value and Fatty Acid 



















-0.078 -0.049 0.099 0.012 -0.080 0.007 0.073 




0.001 -0.038 0.093 -0.063 -0.023 0.004 0.084 




-0.151 -0.065 0.076 0.016 -0.071 0.026 0.054 
<0.01 0.21 0.12 0.75 0.15 0.60 0.27 
SFA 
0.125 0.004 -0.040 -0.006 0.073 -0.039 -0.061 
0.01 0.93 0.41 0.90 0.14 0.43 0.22 
MUFA 
0.015 0.106 -0.057 0.007 -0.017 0.029 0.013 
0.75 0.04 0.24 0.89 0.73 0.56 0.79 
PUFA 
-0.133 -0.109 0.094 -0.001 -0.052 0.008 0.044 
0.01 0.03 0.05 0.99 0.30 0.86 0.37 
USFA:SFA 
-0.129 -0.020 0.045 0.003 -0.076 0.032 0.060 
0.01 0.70 0.36 0.95 0.12 0.51 0.22 
PUFA:SFA 
-0.154 -0.078 0.089 0.003 -0.076 0.014 0.059 
<0.01 0.13 0.07 0.95 0.12 0.77 0.23 
C 14:0, % 
-0.015 0.030 -0.097 0.109 0.068 -0.030 -0.114 
0.76 0.55 0.05 0.03 0.17 0.55 0.02 
C 15:0, % 
-0.233 -0.023 0.145 0.143 -0.098 -0.056 -0.058 
<0.0001 0.66 <0.01 <0.01 0.05 0.26 0.24 
C 16:0, % 
0.186 0.004 -0.053 0.008 0.065 -0.049 -0.084 
<0.01 0.94 0.27 0.87 0.19 0.32 0.09 
C 16:1, % 
-0.009 -0.040 -0.006 0.031 -0.059 -0.053 -0.104 
0.85 0.44 0.90 0.52 0.23 0.28 0.03 
C 17:0, % 
-0.267 0.001 0.196 0.087 -0.096 -0.015 0.060 
<0.0001 0.99 <0.0001 0.08 0.05 0.75 0.22 
C 17:1, % 
-0.355 -0.163 0.191 0.003 -0.186 -0.102 -0.010 
<0.0001 <0.01 <0.0001 0.95 <0.01 0.04 0.83 
C 18:0, % 
0.031 0.002 -0.019 -0.045 0.067 -0.006 -0.001 
0.52 0.97 0.70 0.36 0.18 0.90 0.98 
C 18:1 n9, 
% 
0.045 0.121 -0.068 0.004 0.003 0.041 0.027 
0.36 0.02 0.16 0.94 0.95 0.40 0.58 
C 18:2 n6, 
% 
-0.091 -0.125 0.084 -0.008 -0.048 0.006 0.040 
0.06 0.01 0.08 0.87 0.33 0.90 0.42 
C 18:3 n6, 
% 
-0.090 0.024 0.058 0.044 -0.021 -0.072 -0.038 
0.06 0.64 0.23 0.37 0.67 0.14 0.44 
C 18:3 n3, 
% 
-0.445 0.015 0.150 0.121 -0.094 -0.011 0.014 
<0.0001 0.77 <0.01 0.01 0.06 0.83 0.77 
C 20:0, % 
0.156 -0.028 -0.038 -0.115 -0.010 -0.054 -0.009 






Table E.19. Continued. Quality production focus population Pearson correlation coefficients 
of loin weight, pH, water holding capacity, and slice shear force with iodine value and Fatty 
















C 20:1 n9, 
% 
-0.100 -0.045 0.000 -0.021 -0.015 -0.001 -0.030 
0.04 0.38 0.99 0.67 0.76 0.99 0.54 
C 20:2 n6, 
% 
0.029 -0.063 0.045 -0.082 -0.014 0.039 0.094 
0.55 0.22 0.35 0.09 0.77 0.43 0.06 
C 20:3 n6, 
% 
-0.106 0.050 0.044 -0.048 -0.004 0.056 0.092 
0.03 0.33 0.37 0.33 0.94 0.26 0.06 
C 20:4 n6, 
% 
-0.086 0.110 0.051 -0.042 0.007 0.059 0.113 
0.07 0.03 0.29 0.39 0.89 0.23 0.02 
C 20:3 n3, 
% 
-0.338 0.112 0.059 0.017 0.012 0.038 0.062 
<0.0001 0.03 0.23 0.73 0.81 0.44 0.21 
C 20:5 n3, 
% 
0.32 0.069 -0.058 -0.014 0.081 0.067 0.071 
-0.049 0.18 0.23 0.78 0.10 0.17 0.15 
C 22:0, % 
0.077 -0.058 -0.014 -0.015 -0.030 -0.063 -0.064 
0.11 0.26 0.77 0.76 0.54 0.20 0.19 
C 22:1 n9, 
% 
-0.050 -0.052 -0.020 -0.012 -0.048 0.012 -0.015 
0.30 0.31 0.68 0.81 0.33 0.81 0.77 
C 22:4 n6, 
% 
0.039 0.071 -0.065 -0.081 0.032 0.031 -0.009 
0.42 0.16 0.18 0.10 0.52 0.53 0.86 
C 22:5, % 
-0.349 0.048 0.078 0.048 -0.010 0.024 -0.007 
<0.0001 0.35 0.11 0.33 0.83 0.62 0.89 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio of 
polyunsaturated fatty acids to saturated fatty acids. 
3





Table E.20. Quality production focus population Pearson correlation coefficients of 
subjective loin color, marbling, and firmness scores with iodine value and Fatty Acid 



















0.068 0.130 0.038 0.013 0.095 -0.049 




0.009 -0.304 -0.166 -0.029 -0.277 0.017 




-0.168 -0.294 -0.234 0.025 -0.195 -0.003 
<0.01 <0.0001 <0.0001 0.60 <0.0001 0.96 
SFA 
0.161 0.274 0.255 -0.004 0.202 -0.044 
<0.01 <0.0001 <0.0001 0.93 <0.0001 0.37 
MUFA 
-0.047 -0.028 -0.109 -0.037 -0.041 0.094 
0.33 0.57 0.02 0.45 0.41 0.05 
PUFA 
-0.108 -0.234 -0.135 0.040 -0.151 -0.051 
0.03 <0.0001 0.01 0.42 <0.01 0.29 
USFA:SFA 
-0.163 -0.281 -0.259 0.009 -0.207 0.044 
<0.01 <0.0001 <0.0001 0.86 <0.0001 0.37 
PUFA:SFA 
-0.148 -0.287 -0.209 0.034 -0.196 -0.017 
<0.01 <0.0001 <0.0001 0.49 <0.0001 0.72 
C 14:0, % 
-0.015 0.135 0.098 0.030 0.191 0.051 
0.76 0.01 0.04 0.55 <0.0001 0.30 
C 15:0, % 
0.004 0.078 0.040 0.073 0.061 0.016 
0.94 0.11 0.41 0.14 0.21 0.75 
C 16:0, % 
0.172 0.229 0.256 0.011 0.168 -0.047 
<0.01 <0.0001 <0.0001 0.82 <0.01 0.34 
C 16:1, % 
-0.031 -0.019 -0.034 0.003 0.053 -0.034 
0.53 0.69 0.49 0.95 0.28 0.49 
C 17:0, % 
0.026 0.023 0.026 0.032 -0.049 -0.035 
0.59 0.63 0.59 0.51 0.32 0.48 
C 17:1, % 
0.038 0.017 0.025 0.084 0.012 -0.033 
0.43 0.73 0.61 0.08 0.80 0.50 
C 18:0, % 
0.095 0.238 0.165 -0.033 0.173 -0.031 
0.05 <0.0001 <0.01 0.50 <0.01 0.53 
C 18:1 n9, 
% 
-0.048 -0.030 -0.112 -0.043 -0.047 0.097 
0.32 0.54 0.02 0.38 0.34 0.05 
C 18:2 n6, 
% 
-0.100 -0.243 -0.126 0.051 -0.161 -0.062 
0.04 <0.0001 0.01 0.30 <0.01 0.20 
C 18:3 n6, 
% 
-0.080 -0.082 -0.077 0.043 0.056 -0.028 
0.10 0.09 0.11 0.38 0.25 0.56 
C 18:3 n3, 
% 
-0.164 -0.051 -0.167 -0.032 0.043 0.056 
0.00 0.30 <0.01 0.51 0.39 0.25 
C 20:0, % 
0.184 0.148 0.155 -0.017 0.035 -0.014 






Table E.20. Continued. Quality production focus population Pearson correlation 
coefficients of subjective loin color, marbling, and firmness scores with iodine value 
















C 20:1 n9, 
% 
0.049 0.078 0.131 0.016 -0.015 0.049 
0.31 0.11 0.01 0.74 0.76 0.31 
C 20:2 n6, 
% 
0.051 -0.075 0.034 0.053 -0.162 -0.023 
0.30 0.12 0.48 0.28 <0.01 0.64 
C 20:3 n6, 
% 
-0.027 -0.109 -0.129 -0.068 -0.087 0.006 
0.58 0.02 0.01 0.16 0.08 0.90 
C 20:4 n6, 
% 
-0.095 -0.258 -0.181 -0.116 -0.170 -0.009 
0.05 <0.0001 <0.01 0.02 <0.01 0.85 
C 20:3 n3, 
% 
-0.082 -0.029 -0.131 -0.111 -0.023 0.041 
0.09 0.55 0.01 0.02 0.63 0.41 
C 20:5 n3, 
% 
-0.023 0.041 0.020 -0.096 0.066 0.004 
0.63 0.40 0.67 0.05 0.18 0.93 
C 22:0, % 
-0.006 0.053 -0.005 -0.013 0.108 0.006 
0.91 0.28 0.92 0.79 0.03 0.90 
C 22:1 n9, 
% 
0.010 0.032 -0.067 -0.080 0.070 0.011 
0.83 0.51 0.16 0.10 0.16 0.83 
C 22:4 n6, 
% 
0.009 -0.043 -0.043 -0.090 -0.033 -0.025 
0.85 0.37 0.37 0.07 0.51 0.61 
C 22:5, % 
-0.113 -0.006 -0.087 -0.042 0.081 0.056 
0.02 0.90 0.07 0.39 0.10 0.26 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio 
of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table E.21. Quality production focus population Pearson correlation coefficients 














0.040 0.057 0.053 0.017 0.063 0.063 




-0.114 -0.158 -0.225 -0.064 -0.074 -0.169 




0.190 -0.321 0.034 0.089 -0.247 -0.108 
<0.0001 <0.0001 0.49 0.07 <0.0001 0.03 
SFA 
-0.160 0.262 -0.066 -0.062 0.177 0.059 
<0.01 <0.0001 0.18 0.21 <0.01 0.23 
MUFA 
0.011 0.030 0.097 -0.017 0.067 0.079 
0.82 0.54 0.05 0.73 0.17 0.11 
PUFA 
0.141 -0.278 -0.034 0.076 -0.235 -0.134 
<0.01 <0.0001 0.49 0.12 <0.0001 0.01 
USFA:SFA 
0.164 -0.261 0.073 0.065 -0.185 -0.059 
<0.01 <0.0001 0.14 0.18 <0.01 0.23 
PUFA:SFA 
0.171 -0.309 0.008 0.080 -0.245 -0.121 
<0.01 <0.0001 0.86 0.10 <0.0001 0.01 
C 14:0, % 
0.079 0.043 0.151 0.067 -0.036 0.038 
0.11 0.38 <0.01 0.17 0.46 0.43 
C 15:0, % 
0.129 -0.094 0.069 0.010 -0.145 -0.069 
0.01 0.05 0.16 0.83 <0.01 0.16 
C 16:0, % 
-0.196 0.265 -0.091 -0.095 0.168 0.020 
<0.0001 <0.0001 0.06 0.05 <0.01 0.68 
C 16:1, % 
0.043 -0.051 0.025 0.036 -0.112 -0.040 
0.38 0.30 0.61 0.47 0.02 0.41 
C 17:0, % 
0.111 -0.154 -0.042 0.021 -0.132 -0.084 
0.02 <0.01 0.39 0.67 0.01 0.09 
C 17:1, % 
0.165 -0.181 -0.015 0.055 -0.189 -0.056 
<0.01 <0.01 0.76 0.27 <0.01 0.26 
C 18:0, % 
-0.084 0.191 -0.026 -0.008 0.157 0.101 
0.09 <0.0001 0.60 0.86 <0.01 0.04 
C 18:1 n9, 
% 
-0.005 0.041 0.088 -0.025 0.093 0.087 
0.91 0.41 0.07 0.61 0.06 0.08 
C 18:2 n6, 
% 
0.121 -0.264 -0.049 0.062 -0.227 -0.147 
0.01 <0.0001 0.32 0.20 <0.0001 <0.01 
C 18:3 n6, 
% 
0.110 -0.183 0.005 0.028 -0.153 -0.041 
0.03 <0.01 0.91 0.56 <0.01 0.40 
C 18:3 n3, 
% 
0.325 -0.303 0.171 0.192 -0.247 0.037 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 0.45 
C 20:0, % 
-0.164 0.199 -0.115 -0.056 0.152 0.023 






Table E.21. Continued. Quality production focus population Pearson correlation 









Variable L* a* b* L* a* b* 
C 20:1 n9, 
% 
0.010 0.143 0.130 0.009 -0.027 -0.019 
0.84 <0.01 0.01 0.86 0.59 0.70 
C 20:2 n6, 
% 
-0.093 -0.004 -0.114 -0.058 -0.019 -0.114 
0.06 0.93 0.02 0.24 0.70 0.02 
C 20:3 n6, 
% 
0.001 -0.157 -0.105 0.029 -0.090 -0.055 
0.99 <0.01 0.03 0.56 0.07 0.26 
C 20:4 n6, 
% 
0.030 -0.234 -0.106 0.028 -0.120 -0.095 
0.55 <0.0001 0.03 0.58 0.01 0.05 
C 20:3 n3, 
% 
0.183 -0.165 0.095 0.152 -0.120 0.058 
<0.01 <0.01 0.05 <0.01 0.01 0.24 
C 20:5 n3, 
% 
0.024 -0.048 -0.025 0.037 0.031 0.073 
0.63 0.33 0.61 0.45 0.52 0.14 
C 22:0, % 
-0.009 -0.020 0.018 0.051 -0.084 0.028 
0.86 0.69 0.71 0.30 0.09 0.57 
C 22:1 n9, 
% 
0.072 -0.077 0.041 0.079 0.037 0.142 
0.14 0.12 0.40 0.11 0.45 <0.01 
C 22:4 n6, 
% 
-0.045 -0.019 -0.070 0.045 0.006 0.011 
0.36 0.71 0.15 0.35 0.90 0.83 
C 22:5, % 
0.226 -0.190 0.135 0.148 -0.130 0.089 
<0.0001 <0.0001 0.01 <0.01 0.01 0.07 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA 
= monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = 
ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. 
PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental loin color 





Table E.22. Quality production focus population Pearson correlation coefficients of ham weights with 
























-0.108 -0.100 -0.120 -0.152 -0.119 -0.108 -0.084 0.002 




-0.183 -0.116 0.026 0.127 0.084 0.052 0.018 0.015 




-0.295 -0.277 -0.150 -0.066 -0.129 -0.082 -0.101 0.018 
<0.0001 <0.0001 <0.01 0.17 0.01 0.09 0.03 0.70 
SFA 
0.240 0.231 0.136 0.050 0.092 0.066 0.067 -0.018 
<0.0001 <0.0001 <0.01 0.30 0.05 0.17 0.16 0.70 
MUFA 
0.040 0.027 -0.011 0.003 0.037 0.003 0.044 -0.002 
0.41 0.57 0.82 0.95 0.44 0.95 0.36 0.96 
PUFA 
-0.266 -0.245 -0.118 -0.049 -0.123 -0.065 -0.106 0.020 
<0.0001 <0.0001 0.01 0.30 0.01 0.18 0.03 0.68 
USFA:SFA 
-0.244 -0.236 -0.140 -0.055 -0.094 -0.068 -0.074 0.025 
<0.0001 <0.0001 <0.01 0.26 0.05 0.16 0.12 0.60 
PUFA:SFA 
-0.295 -0.277 -0.150 -0.064 -0.130 -0.079 -0.110 0.023 
<0.0001 <0.0001 <0.01 0.18 0.01 0.10 0.02 0.63 
C 14:0, % 
-0.009 -0.023 -0.053 -0.088 -0.037 -0.050 -0.051 -0.016 
0.85 0.63 0.27 0.07 0.44 0.30 0.29 0.74 
C 15:0, % 
-0.318 -0.314 -0.262 -0.201 -0.213 -0.228 -0.230 -0.103 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.03 
C 16:0, % 
0.300 0.287 0.192 0.103 0.171 0.132 0.091 0.005 
<0.0001 <0.0001 <0.0001 0.03 <0.01 0.01 0.06 0.92 
C 16:1, % 
0.029 0.018 0.014 -0.008 0.050 0.050 -0.038 0.018 
0.55 0.71 0.78 0.87 0.30 0.30 0.43 0.70 
C 17:0, % 
-0.318 -0.310 -0.251 -0.206 -0.236 -0.211 -0.231 -0.054 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.26 
C 17:1, % 
-0.321 -0.326 -0.309 -0.313 -0.324 -0.205 -0.322 -0.104 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.03 
C 18:0, % 
0.117 0.119 0.051 -0.011 -0.015 -0.018 0.045 -0.038 
0.01 0.01 0.29 0.82 0.75 0.71 0.35 0.42 
C 18:1 n9, 
% 
0.061 0.051 0.015 0.029 0.056 0.016 0.074 0.003 
0.20 0.29 0.76 0.54 0.25 0.74 0.12 0.95 
C 18:2 n6, 
% 
-0.220 -0.199 -0.076 -0.013 -0.089 -0.026 -0.079 0.033 
<0.0001 <0.0001 0.12 0.79 0.06 0.59 0.10 0.49 
C 18:3 n6, 
% 
-0.103 -0.108 -0.075 -0.064 -0.103 -0.014 -0.094 -0.011 
0.03 0.02 0.12 0.18 0.03 0.78 0.05 0.81 
C 18:3 n3, 
% 
-0.542 -0.526 -0.439 -0.400 -0.396 -0.388 -0.314 -0.128 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 
C 20:0, % 
0.261 0.248 0.183 0.178 0.126 0.122 0.088 0.077 






Table E.22. Continued. Quality production focus population Pearson correlation coefficients of ham 





















C 20:1 n9, 
% 
-0.069 -0.096 -0.138 -0.086 -0.058 -0.106 -0.096 -0.011 
0.15 0.05 <0.01 0.07 0.23 0.03 0.05 0.82 
C 20:2 n6, 
% 
-0.014 -0.005 0.057 0.131 0.074 0.071 0.047 0.110 
0.77 0.91 0.23 0.01 0.12 0.14 0.32 0.02 
C 20:3 n6, 
% 
-0.227 -0.224 -0.138 0.020 -0.083 -0.057 -0.054 -0.010 
<0.0001 <0.0001 <0.01 0.68 0.08 0.23 0.26 0.83 
C 20:4 n6, 
% 
-0.288 -0.281 -0.157 -0.020 -0.084 -0.084 -0.087 -0.035 
<0.0001 <0.0001 <0.01 0.68 0.08 0.08 0.07 0.46 
C 20:3 n3, 
% 
-0.425 -0.417 -0.352 -0.221 -0.257 -0.314 -0.229 -0.132 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 
C 20:5 n3, 
% 
-0.045 -0.044 -0.022 -0.034 -0.032 0.019 -0.005 -0.046 
0.35 0.36 0.66 0.48 0.51 0.69 0.92 0.33 
C 22:0, % 
0.037 0.038 0.047 0.028 0.002 0.057 0.030 0.042 
0.43 0.43 0.32 0.56 0.97 0.23 0.53 0.38 
C 22:1 n9, 
% 
-0.014 -0.011 -0.031 -0.070 -0.058 -0.021 -0.024 0.061 
0.77 0.81 0.52 0.14 0.22 0.66 0.62 0.20 
C 22:4 n6, 
% 
0.012 0.015 0.034 0.160 0.071 0.006 0.022 0.013 
0.81 0.76 0.48 <0.01 0.14 0.90 0.64 0.79 
C 22:5, % 
-0.358 -0.356 -0.310 -0.391 -0.301 -0.249 -0.202 -0.077 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.11 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 





Table E.23. Quality production focus population Pearson correlation coefficients of gluteus profundus, gluteus medius, 















0.087 0.031 0.031 0.059 -0.023 -0.001 -0.064 0.012 -0.031 




-0.010 -0.008 -0.083 -0.070 -0.117 -0.191 -0.019 -0.005 0.003 




0.142 0.027 -0.167 0.164 -0.191 -0.339 0.105 -0.209 -0.049 
<0.01 0.57 <0.01 <0.01 <0.0001 <0.0001 0.03 <0.0001 0.31 
SFA 
-0.086 -0.072 0.105 -0.156 0.102 0.196 -0.067 0.101 0.008 
0.07 0.13 0.03 <0.01 0.03 <0.0001 0.16 0.04 0.87 
MUFA 
-0.060 0.099 0.088 0.060 0.116 0.206 -0.042 0.160 0.065 
0.21 0.04 0.07 0.21 0.01 <0.0001 0.38 <0.01 0.18 
PUFA 
0.140 -0.027 -0.186 0.091 -0.212 -0.388 0.105 -0.253 -0.071 
<0.01 0.58 <0.0001 0.06 <0.0001 <0.0001 0.03 <0.0001 0.14 
USFA:SFA 
0.081 0.077 -0.121 0.154 -0.106 -0.218 0.075 -0.105 0.000 
0.09 0.10 0.01 <0.01 0.03 <0.0001 0.12 0.03 1.00 
PUFA:SFA 
0.132 0.022 -0.178 0.127 -0.187 -0.363 0.103 -0.216 -0.046 
0.01 0.64 <0.01 0.01 <0.0001 <0.0001 0.03 <0.0001 0.34 
C 14:0, % 
0.092 0.010 0.085 0.140 -0.016 0.065 -0.016 0.023 -0.052 
0.05 0.84 0.07 <0.01 0.73 0.18 0.74 0.63 0.28 
C 15:0, % 
0.128 0.043 -0.078 0.116 -0.119 -0.192 0.061 -0.199 -0.089 
0.01 0.37 0.10 0.01 0.01 <0.0001 0.20 <0.0001 0.06 
C 16:0, % 
-0.135 -0.067 0.107 -0.178 0.089 0.218 -0.112 0.127 -0.003 
<0.01 0.16 0.02 <0.01 0.06 <0.0001 0.02 0.01 0.95 
C 16:1, % 
-0.002 0.027 -0.027 0.076 -0.107 -0.054 -0.036 -0.073 -0.129 
0.96 0.58 0.58 0.11 0.03 0.26 0.46 0.13 0.01 
C 17:0, % 
0.100 -0.020 -0.098 -0.025 -0.109 -0.276 0.048 -0.204 -0.102 
0.04 0.68 0.04 0.59 0.02 <0.0001 0.32 <0.0001 0.03 
C 17:1, % 
0.099 0.069 -0.266 0.041 -0.143 -0.430 0.100 -0.335 -0.156 






Table E.23. Continued. Quality production focus population Pearson correlation coefficients of gluteus profundus, 










Variable L* a* b* L* a* b* L* a* b* 
C 18:0, % 
-0.014 -0.058 0.072 -0.095 0.105 0.129 0.008 0.053 0.033 
0.76 0.23 0.13 0.05 0.03 0.01 0.87 0.27 0.49 
C 18:1 n9, 
% 
-0.065 0.087 0.105 0.050 0.134 0.235 -0.047 0.188 0.088 
0.17 0.07 0.03 0.29 0.01 <0.0001 0.33 <0.0001 0.07 
C 18:2 n6, 
% 
0.118 -0.032 -0.191 0.068 -0.204 -0.380 0.099 -0.242 -0.057 
0.01 0.51 <0.0001 0.15 <0.0001 <0.0001 0.04 <0.0001 0.23 
C 18:3 n6, 
% 
0.132 0.079 -0.146 0.176 -0.101 -0.233 0.059 -0.149 -0.077 
0.01 0.10 <0.01 <0.01 0.03 <0.0001 0.22 <0.01 0.11 
C 18:3 n3, 
% 
0.301 0.040 -0.110 0.322 -0.245 -0.358 0.148 -0.297 -0.173 
<0.0001 0.41 0.02 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.01 
C 20:0, % 
-0.079 -0.081 0.051 -0.193 0.075 0.124 -0.012 0.116 0.119 
0.10 0.09 0.29 <0.0001 0.12 0.01 0.80 0.02 0.01 
C 20:1 n9, 
% 
-0.012 0.044 0.071 -0.055 0.073 0.090 0.037 0.034 0.040 
0.80 0.35 0.14 0.25 0.13 0.06 0.44 0.49 0.41 
C 20:2 n6, 
% 
-0.076 -0.044 -0.052 -0.183 0.030 -0.069 -0.010 -0.025 0.052 
0.11 0.36 0.27 <0.01 0.53 0.15 0.83 0.60 0.28 
C 20:3 n6, 
% 
0.102 -0.070 -0.023 0.023 -0.057 -0.105 -0.015 -0.035 -0.071 
0.03 0.14 0.62 0.63 0.23 0.03 0.75 0.47 0.14 
C 20:4 n6, 
% 
0.067 -0.028 -0.016 0.026 -0.144 -0.194 -0.006 -0.093 -0.133 
0.16 0.56 0.74 0.58 <0.01 <0.0001 0.90 0.05 0.01 
C 20:3 n3, 
% 
0.212 -0.037 -0.014 0.214 -0.130 -0.115 0.048 -0.087 -0.105 
<0.0001 0.44 0.76 <0.0001 0.01 0.02 0.32 0.07 0.03 
C 20:5 n3, 
% 
0.013 -0.013 -0.038 0.023 0.000 -0.036 0.050 -0.020 0.008 
0.78 0.78 0.42 0.63 0.99 0.45 0.30 0.68 0.87 
C 22:0, % 
0.043 0.048 -0.059 0.077 0.006 -0.047 0.128 0.016 0.137 
0.37 0.31 0.22 0.11 0.91 0.33 0.01 0.75 <0.01 
C 22:1 n9, 
% 
0.070 0.035 -0.078 0.105 -0.023 -0.106 0.113 -0.034 0.067 






Table E.23. Continued. Quality production focus population Pearson correlation coefficients of gluteus profundus, 










Variable L* a* b* L* a* b* L* a* b* 
C 22:4 n6, 
% 
0.034 -0.016 0.093 -0.052 -0.009 0.008 0.007 0.035 0.024 
0.47 0.75 0.05 0.28 0.85 0.87 0.89 0.47 0.62 
C 22:5, % 
0.213 0.086 -0.039 0.241 -0.117 -0.208 0.118 -0.176 -0.082 
<0.0001 0.07 0.42 <0.0001 0.01 <0.0001 0.01 <0.01 0.09 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh hams was determined on one measure per muscle. Instrumental color for the gluteus profundus and gluteus 
medius were measured on the ham face and instrumental color for the semimembranosus was measured on the blonde 





Table E.24. Quality production focus population Pearson correlation coefficients of adductor and semitendinosus light 
and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2













0.054 0.005 0.045 0.050 -0.001 0.060 0.159 -0.020 0.078 




0.077 -0.084 -0.071 -0.003 -0.235 -0.174 -0.181 -0.025 -0.227 




0.143 -0.140 -0.077 0.224 -0.281 0.015 -0.125 -0.003 -0.213 
<0.01 <0.01 0.11 <0.0001 <0.0001 0.76 0.01 0.96 <0.0001 
SFA 
-0.133 0.125 0.068 -0.192 0.195 -0.038 0.102 -0.006 0.181 
0.01 0.01 0.16 <0.0001 <0.0001 0.44 0.03 0.91 <0.01 
MUFA 
0.014 -0.004 -0.001 0.010 0.103 0.068 0.038 0.013 0.018 
0.76 0.94 0.98 0.84 0.03 0.16 0.43 0.79 0.71 
PUFA 
0.112 -0.115 -0.063 0.173 -0.285 -0.031 -0.134 -0.006 -0.189 
0.02 0.02 0.19 <0.01 <0.0001 0.52 0.01 0.89 <0.0001 
USFA:SFA 
0.128 -0.119 -0.065 0.196 -0.206 0.035 -0.111 0.015 -0.184 
0.01 0.01 0.18 <0.0001 <0.0001 0.47 0.02 0.75 <0.01 
PUFA:SFA 
0.133 -0.133 -0.073 0.209 -0.290 -0.003 -0.140 0.000 -0.216 
0.01 0.01 0.13 <0.0001 <0.0001 0.95 <0.01 1.00 <0.0001 
C 14:0, % 
0.023 0.035 0.018 0.093 0.042 0.128 0.124 0.019 0.079 
0.64 0.47 0.71 0.05 0.38 0.01 0.01 0.70 0.10 
C 15:0, % 
0.066 -0.107 -0.067 0.137 -0.195 0.001 -0.018 0.006 -0.113 
0.17 0.03 0.16 <0.01 <0.0001 0.99 0.71 0.90 0.02 
C 16:0, % 
-0.158 0.120 0.039 -0.218 0.193 -0.069 0.093 -0.006 0.189 
<0.01 0.01 0.42 <0.0001 <0.0001 0.16 0.05 0.89 <0.0001 
C 16:1, % 
0.034 -0.030 -0.042 0.076 -0.129 -0.023 -0.025 0.034 -0.016 
0.49 0.54 0.39 0.11 0.01 0.63 0.61 0.49 0.74 
C 17:0, % 
0.092 -0.143 -0.085 0.090 -0.205 -0.064 -0.106 -0.027 -0.136 
0.06 <0.01 0.08 0.06 <0.0001 0.18 0.03 0.57 <0.01 
C 17:1, % 
0.098 -0.091 -0.078 0.226 -0.380 0.023 -0.219 0.053 -0.251 






Table E.24. Continued. Quality production focus population Pearson correlation coefficients of adductor and 
semitendinosus light and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 18:0, % 
-0.071 0.104 0.094 -0.122 0.157 0.006 0.081 -0.005 0.123 
0.14 0.03 0.05 0.01 <0.01 0.90 0.09 0.92 0.01 
C 18:1 n9, 
% 
0.003 0.002 0.007 -0.015 0.138 0.064 0.057 0.000 0.034 
0.94 0.97 0.89 0.76 <0.01 0.18 0.24 1.00 0.48 
C 18:2 n6, 
% 
0.091 -0.110 -0.067 0.153 -0.278 -0.043 -0.140 -0.008 -0.183 
0.06 0.02 0.16 <0.01 <0.0001 0.38 <0.01 0.87 <0.01 
C 18:3 n6, 
% 
0.044 -0.083 -0.077 0.192 -0.242 0.034 -0.063 0.011 -0.151 
0.36 0.08 0.11 <0.0001 <0.0001 0.48 0.19 0.82 <0.01 
C 18:3 n3, 
% 
0.224 -0.116 -0.024 0.348 -0.298 0.138 -0.010 0.004 -0.190 
<0.0001 0.02 0.63 <0.0001 <0.0001 <0.01 0.84 0.94 <0.0001 
C 20:0, % 
-0.122 0.098 0.055 -0.154 0.141 -0.028 -0.017 0.038 0.096 
0.01 0.04 0.25 <0.01 <0.01 0.56 0.72 0.44 0.05 
C 20:1 n9, 
% 
0.010 0.088 0.040 -0.007 0.094 0.077 -0.038 0.112 0.054 
0.84 0.07 0.40 0.88 0.05 0.11 0.43 0.02 0.26 
C 20:2 n6, 
% 
0.021 0.006 0.020 -0.066 -0.004 -0.087 -0.109 0.021 -0.010 
0.66 0.89 0.67 0.17 0.93 0.07 0.02 0.67 0.83 
C 20:3 n6, 
% 
0.101 -0.047 0.011 -0.004 -0.055 -0.079 -0.064 -0.008 -0.096 
0.04 0.33 0.82 0.94 0.26 0.10 0.18 0.87 0.05 
C 20:4 n6, 
% 
0.117 -0.111 -0.031 -0.001 -0.127 -0.131 -0.065 -0.057 -0.146 
0.01 0.02 0.52 0.99 0.01 0.01 0.18 0.24 <0.01 
C 20:3 n3, 
% 
0.182 -0.049 0.019 0.127 -0.060 0.059 0.031 -0.008 -0.067 
<0.01 0.31 0.70 0.01 0.22 0.22 0.52 0.88 0.17 
C 20:5 n3, 
% 
0.017 -0.027 -0.049 0.061 -0.034 0.015 0.031 -0.030 -0.011 
0.72 0.58 0.31 0.20 0.48 0.76 0.52 0.53 0.82 
C 22:0, % 
0.025 -0.013 0.026 0.099 -0.100 0.058 -0.024 0.014 -0.025 
0.60 0.79 0.59 0.04 0.04 0.23 0.62 0.78 0.61 
C 22:1 n9, 
% 
-0.009 -0.034 -0.053 0.143 -0.076 0.114 -0.018 0.032 -0.047 






Table E.24. Continued. Quality production focus population Pearson correlation coefficients of adductor and 
semitendinosus light and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 22:4 n6, 
% 
0.093 -0.063 0.028 -0.059 0.082 -0.053 0.052 -0.003 0.067 
0.05 0.19 0.57 0.22 0.09 0.27 0.28 0.95 0.16 
C 22:5, % 
0.133 -0.090 -0.038 0.254 -0.238 0.103 -0.047 0.042 -0.149 
0.01 0.06 0.43 <0.0001 <0.0001 0.03 0.34 0.38 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 
measured on: the adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur 





Table E.25. Quality production focus population Pearson correlation coefficients of bices femoris, vastus lateralis, and 
rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2












-0.022 0.015 -0.020 0.025 0.071 0.032 0.022 0.091 0.102 




-0.042 -0.052 -0.126 0.043 -0.137 -0.030 0.048 -0.074 -0.007 




0.014 -0.188 -0.189 0.091 -0.139 -0.031 0.193 -0.152 0.057 
0.78 <0.0001 <0.0001 0.06 <0.01 0.52 <0.0001 <0.01 0.24 
SFA 
0.005 0.092 0.104 -0.050 0.073 -0.019 -0.120 0.046 -0.072 
0.92 0.06 0.03 0.30 0.13 0.70 0.01 0.34 0.14 
MUFA 
-0.018 0.138 0.130 -0.056 0.110 0.090 -0.087 0.178 0.049 
0.71 <0.01 0.01 0.24 0.02 0.06 0.07 <0.01 0.31 
PUFA 
0.012 -0.221 -0.225 0.103 -0.177 -0.071 0.199 -0.218 0.019 
0.80 <0.0001 <0.0001 0.03 <0.01 0.14 <0.0001 <0.0001 0.70 
USFA:SFA 
-0.011 -0.094 -0.108 0.053 -0.075 0.021 0.130 -0.055 0.075 
0.82 0.05 0.02 0.27 0.12 0.67 0.01 0.25 0.12 
PUFA:SFA 
0.000 -0.193 -0.204 0.095 -0.153 -0.037 0.195 -0.173 0.046 
0.99 <0.0001 <0.0001 0.05 <0.01 0.44 <0.0001 <0.01 0.34 
C 14:0, % 
0.092 -0.058 0.015 -0.029 0.085 -0.086 0.048 0.060 0.021 
0.06 0.23 0.76 0.55 0.08 0.08 0.32 0.21 0.67 
C 15:0, % 
0.040 -0.224 -0.203 0.103 -0.091 -0.058 0.150 -0.173 -0.028 
0.41 <0.0001 <0.0001 0.03 0.06 0.23 <0.01 <0.01 0.57 
C 16:0, % 
-0.033 0.095 0.092 -0.102 0.088 -0.033 -0.173 0.065 -0.071 
0.50 0.05 0.06 0.03 0.07 0.50 <0.01 0.18 0.14 
C 16:1, % 
0.017 -0.115 -0.097 0.001 -0.038 -0.092 0.009 -0.046 -0.039 
0.72 0.02 0.04 0.98 0.43 0.06 0.85 0.34 0.42 
C 17:0, % 
0.026 -0.251 -0.252 0.125 -0.144 -0.091 0.129 -0.224 -0.095 
0.59 <0.0001 <0.0001 0.01 <0.01 0.06 0.01 <0.0001 0.05 
C 17:1, % 
0.038 -0.351 -0.357 0.155 -0.234 -0.188 0.145 -0.244 -0.165 






Table E.25. Continued. Quality production focus population Pearson correlation coefficients of bices femoris, vastus 
lateralis, and rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 18:0, % 
0.040 0.093 0.111 0.027 0.035 0.023 -0.031 0.023 -0.044 
0.40 0.05 0.02 0.58 0.47 0.63 0.52 0.63 0.36 
C 18:1 n9, 
% 
-0.020 0.168 0.161 -0.067 0.129 0.111 -0.095 0.196 0.068 
0.68 <0.01 <0.01 0.16 0.01 0.02 0.05 <0.0001 0.16 
C 18:2 n6, 
% 
0.000 -0.211 -0.219 0.085 -0.173 -0.068 0.181 -0.218 0.022 
0.99 <0.0001 <0.0001 0.08 <0.01 0.16 <0.01 <0.0001 0.65 
C 18:3 n6, 
% 
-0.003 -0.160 -0.147 0.040 -0.107 -0.136 0.062 -0.060 -0.039 
0.94 <0.01 <0.01 0.41 0.03 <0.01 0.20 0.22 0.42 
C 18:3 n3, 
% 
0.154 -0.301 -0.227 0.223 -0.131 -0.085 0.299 -0.158 -0.015 
<0.01 <0.0001 <0.0001 <0.0001 0.01 0.08 <0.0001 <0.01 0.75 
C 20:0, % 
-0.012 0.114 0.102 -0.032 0.014 0.071 -0.139 0.003 -0.101 
0.80 0.02 0.03 0.51 0.77 0.14 <0.01 0.95 0.04 
C 20:1 n9, 
% 
-0.051 0.109 0.069 0.017 0.007 0.038 -0.023 0.037 -0.076 
0.29 0.02 0.15 0.73 0.88 0.44 0.64 0.44 0.11 
C 20:2 n6, 
% 
-0.133 0.073 -0.020 0.014 -0.131 0.007 0.009 -0.081 -0.018 
0.01 0.13 0.67 0.77 0.01 0.89 0.84 0.09 0.72 
C 20:3 n6, 
% 
0.006 -0.055 -0.059 0.020 -0.010 0.010 0.064 -0.050 0.038 
0.90 0.26 0.22 0.68 0.84 0.84 0.18 0.30 0.43 
C 20:4 n6, 
% 
0.038 -0.099 -0.125 0.073 -0.036 0.015 0.097 -0.055 0.062 
0.43 0.04 0.01 0.13 0.46 0.75 0.04 0.26 0.20 
C 20:3 n3, 
% 
0.074 -0.126 -0.094 0.132 -0.015 0.015 0.147 -0.026 0.006 
0.12 0.01 0.05 0.01 0.76 0.76 <0.01 0.59 0.91 
C 20:5 n3, 
% 
0.053 -0.040 0.027 0.038 -0.021 0.012 0.066 -0.025 0.027 
0.27 0.41 0.58 0.44 0.67 0.80 0.17 0.61 0.57 
C 22:0, % 
0.045 -0.020 0.050 0.000 -0.022 -0.035 0.007 0.003 0.010 
0.35 0.68 0.30 1.00 0.65 0.46 0.89 0.96 0.83 
C 22:1 n9, 
% 
0.099 -0.081 0.010 0.041 -0.062 -0.030 -0.002 -0.036 -0.072 






Table E.25. Continued. Quality production focus population Pearson correlation coefficients of bices femoris, vastus 
lateralis, and rectus femoris color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 22:4 n6, 
% 
0.031 0.042 0.053 -0.024 0.036 0.030 0.021 -0.001 0.078 
0.52 0.38 0.27 0.62 0.45 0.54 0.67 0.99 0.11 
C 22:5, % 
0.155 -0.188 -0.107 0.189 -0.147 -0.138 0.216 -0.134 -0.060 
<0.01 <0.0001 0.03 <0.0001 <0.01 <0.01 <0.0001 0.01 0.21 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 





Table E.26. Quality production focus population Pearson correlation coefficients of ham muscle pH with iodine value 

























-0.046 -0.034 -0.036 0.007 -0.001 -0.029 -0.006 




-0.032 -0.040 0.059 0.126 0.006 -0.026 0.047 




0.023 0.039 0.040 0.121 0.071 0.034 0.072 
0.63 0.42 0.41 0.01 0.14 0.48 0.14 
SFA 
-0.015 -0.024 -0.018 -0.095 -0.054 -0.010 -0.041 
0.76 0.61 0.70 0.05 0.26 0.83 0.40 
MUFA 
0.000 -0.009 -0.027 -0.021 -0.006 -0.033 -0.043 
0.99 0.85 0.58 0.66 0.90 0.49 0.37 
PUFA 
0.015 0.032 0.044 0.111 0.058 0.042 0.081 
0.76 0.51 0.36 0.02 0.23 0.38 0.09 
USFA:SFA 
0.008 0.021 0.015 0.097 0.055 0.013 0.045 
0.87 0.66 0.75 0.04 0.25 0.78 0.35 
PUFA:SFA 
0.011 0.031 0.037 0.120 0.064 0.033 0.073 
0.82 0.52 0.44 0.01 0.18 0.49 0.13 
C 14:0, % 
0.035 0.000 -0.058 -0.107 0.003 -0.025 -0.089 
0.46 0.99 0.23 0.03 0.96 0.60 0.06 
C 15:0, % 
0.085 0.080 0.101 0.112 0.120 0.099 0.127 
0.08 0.10 0.04 0.02 0.01 0.04 0.01 
C 16:0, % 
-0.034 -0.042 -0.055 -0.121 -0.065 -0.033 -0.054 
0.48 0.38 0.25 0.01 0.18 0.50 0.26 
C 16:1, % 
-0.005 -0.015 -0.075 -0.027 0.009 -0.010 -0.020 
0.92 0.76 0.12 0.57 0.86 0.84 0.67 
C 17:0, % 
0.079 0.073 0.133 0.139 0.109 0.119 0.128 
0.10 0.13 0.01 <0.01 0.02 0.01 0.01 
C 17:1, % 
0.012 0.012 0.092 0.177 0.067 0.095 0.105 






Table E.26. Continued. Quality production focus population Pearson correlation coefficients of ham muscle pH with 




























C 18:0, % 
0.006 0.002 0.034 -0.031 -0.033 0.017 -0.013 
0.90 0.96 0.48 0.51 0.49 0.73 0.79 
C 18:1 n9, 
% 
0.001 -0.006 -0.023 -0.030 -0.011 -0.037 -0.047 
0.99 0.90 0.64 0.53 0.83 0.44 0.32 
C 18:2 n6, 
% 
-0.003 0.022 0.035 0.103 0.044 0.030 0.077 
0.95 0.65 0.47 0.03 0.36 0.54 0.11 
C 18:3 n6, 
% 
0.064 0.050 0.060 0.082 0.054 0.057 0.083 
0.19 0.30 0.21 0.09 0.26 0.23 0.08 
C 18:3 n3, 
% 
0.155 0.119 0.120 0.163 0.165 0.142 0.092 
<0.01 0.01 0.01 <0.01 <0.01 <0.01 0.05 
C 20:0, % 
-0.111 -0.108 -0.084 -0.098 -0.138 -0.078 -0.043 
0.02 0.02 0.08 0.04 <0.01 0.10 0.37 
C 20:1 n9, 
% 
-0.027 -0.044 -0.024 0.011 -0.023 -0.009 -0.001 
0.57 0.36 0.61 0.82 0.63 0.86 0.99 
C 20:2 n6, 
% 
-0.039 -0.027 -0.031 0.007 -0.023 -0.018 0.034 
0.42 0.57 0.52 0.88 0.63 0.71 0.48 
C 20:3 n6, 
% 
0.042 0.017 0.037 0.048 0.035 0.026 0.049 
0.38 0.72 0.45 0.32 0.46 0.60 0.31 
C 20:4 n6, 
% 
0.066 -0.001 0.018 0.007 0.039 0.026 0.010 
0.17 0.98 0.71 0.88 0.42 0.59 0.84 
C 20:3 n3, 
% 
0.124 0.083 0.083 0.096 0.110 0.100 0.068 
0.01 0.08 0.08 0.05 0.02 0.04 0.16 
C 20:5 n3, 
% 
-0.003 0.004 -0.019 -0.018 -0.004 -0.010 -0.011 
0.95 0.94 0.70 0.71 0.93 0.83 0.82 
C 22:0, % 
-0.063 -0.046 -0.064 -0.021 -0.056 -0.063 -0.088 
0.19 0.34 0.18 0.66 0.25 0.19 0.07 
C 22:1 n9, 
% 
-0.010 0.025 -0.021 0.028 0.017 0.004 -0.067 






Table E.26. Continued. Quality production focus population Pearson correlation coefficients of ham muscle pH with 




























C 22:4 n6, 
% 
0.032 0.027 0.002 -0.012 0.020 0.016 -0.017 
0.50 0.58 0.97 0.80 0.68 0.73 0.72 
C 22:5, % 
0.088 0.074 0.066 0.099 0.084 0.069 0.031 
0.07 0.12 0.17 0.04 0.08 0.15 0.52 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 Ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor 
(proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, 
semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and 






Table E.27. Quality production focus population Pearson correlation coefficients of processed ham characteristics with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2































-0.130 -0.146 -0.080 -0.143 -0.079 -0.143 -0.050 -0.137 -0.139 -0.069 




0.112 0.137 0.073 0.139 0.100 0.130 0.013 0.128 0.128 0.039 




-0.078 -0.056 0.049 -0.056 0.067 -0.074 -0.031 -0.101 -0.103 -0.125 
0.10 0.24 0.31 0.24 0.16 0.13 0.52 0.04 0.03 0.01 
SFA 
0.056 0.039 -0.035 0.040 -0.046 0.060 0.048 0.086 0.089 0.129 
0.25 0.41 0.47 0.41 0.34 0.22 0.32 0.07 0.07 0.01 
MUFA 
0.018 0.012 -0.017 0.011 -0.027 0.001 -0.054 -0.005 -0.007 -0.052 
0.71 0.80 0.72 0.83 0.57 0.99 0.26 0.91 0.89 0.29 
PUFA 
-0.070 -0.049 0.049 -0.047 0.070 -0.057 0.006 -0.076 -0.077 -0.072 
0.15 0.31 0.31 0.32 0.15 0.24 0.90 0.12 0.11 0.14 
USFA:SFA 
-0.058 -0.044 0.028 -0.043 0.040 -0.063 -0.049 -0.090 -0.093 -0.131 
0.23 0.36 0.56 0.37 0.41 0.19 0.31 0.06 0.06 0.01 
PUFA:SFA 
-0.079 -0.059 0.043 -0.058 0.062 -0.073 -0.019 -0.098 -0.100 -0.109 
0.10 0.22 0.37 0.23 0.20 0.13 0.70 0.04 0.04 0.02 
C 14:0, % 
-0.057 -0.051 0.047 -0.057 0.026 -0.057 -0.013 -0.062 -0.063 -0.034 
0.24 0.28 0.33 0.23 0.58 0.24 0.80 0.20 0.20 0.49 
C 15:0, % 
-0.232 -0.206 0.078 -0.212 0.072 -0.213 0.018 -0.207 -0.209 -0.057 
<0.0001 <0.0001 0.11 <0.0001 0.13 <0.0001 0.70 <0.0001 <0.0001 0.24 
C 16:0, % 
0.122 0.115 -0.003 0.114 -0.012 0.133 0.051 0.158 0.161 0.151 
0.01 0.02 0.95 0.02 0.80 0.01 0.30 <0.01 <0.01 <0.01 
C 16:1, % 
0.042 0.080 0.158 0.073 0.154 0.061 0.009 0.069 0.068 0.059 






Table E.27. Continued. Quality production focus population Pearson correlation coefficients of processed ham characteristics with 
iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 17:0, % 
-0.229 -0.208 0.057 -0.213 0.057 -0.219 -0.017 -0.206 -0.207 -0.067 
<0.0001 <0.0001 0.24 <0.0001 0.23 <0.0001 0.73 <0.0001 <0.0001 0.17 
C 17:1, % 
-0.279 -0.257 0.066 -0.261 0.071 -0.271 -0.001 -0.257 -0.257 -0.032 
<0.0001 <0.0001 0.17 <0.0001 0.14 <0.0001 0.98 <0.0001 <0.0001 0.51 
C 18:0, % 
-0.023 -0.049 -0.080 -0.048 -0.089 -0.032 0.033 -0.011 -0.009 0.070 
0.64 0.30 0.10 0.32 0.06 0.51 0.49 0.82 0.85 0.15 
C 18:1 n9, 
% 
0.036 0.025 -0.039 0.024 -0.049 0.016 -0.057 0.008 0.006 -0.058 
0.46 0.61 0.42 0.61 0.31 0.74 0.24 0.87 0.89 0.23 
C 18:2 n6, 
% 
-0.033 -0.012 0.050 -0.010 0.073 -0.019 0.012 -0.038 -0.039 -0.057 
0.49 0.80 0.30 0.83 0.13 0.69 0.80 0.43 0.42 0.24 
C 18:3 n6, 
% 
-0.059 -0.070 -0.082 -0.065 -0.072 -0.074 -0.070 -0.080 -0.083 -0.106 
0.22 0.14 0.09 0.18 0.14 0.12 0.15 0.10 0.09 0.03 
C 18:3 n3, 
% 
-0.381 -0.366 0.042 -0.373 0.030 -0.394 -0.075 -0.407 -0.411 -0.200 
<0.0001 <0.0001 0.39 <0.0001 0.54 <0.0001 0.12 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.125 0.109 -0.050 0.113 -0.044 0.126 0.039 0.140 0.143 0.119 
0.01 0.02 0.30 0.02 0.36 0.01 0.42 <0.01 <0.01 0.01 
C 20:1 n9, 
% 
-0.091 -0.096 -0.007 -0.095 -0.005 -0.086 0.059 -0.072 -0.071 0.064 
0.06 0.05 0.88 0.05 0.92 0.08 0.23 0.14 0.14 0.19 
C 20:2 n6, 
% 
0.087 0.088 -0.002 0.091 0.011 0.105 0.093 0.103 0.103 0.083 
0.07 0.07 0.97 0.06 0.82 0.03 0.05 0.03 0.03 0.09 
C 20:3 n6, 
% 
-0.055 -0.038 0.047 -0.038 0.061 -0.041 0.026 -0.047 -0.048 -0.017 
0.26 0.43 0.33 0.43 0.20 0.40 0.60 0.33 0.32 0.72 
C 20:4 n6, 
% 
-0.053 -0.038 0.044 -0.041 0.043 -0.048 -0.020 -0.065 -0.066 -0.065 
0.27 0.42 0.36 0.39 0.37 0.33 0.68 0.18 0.17 0.18 
C 20:3 n3, 
% 
-0.271 -0.264 0.018 -0.269 0.006 -0.277 -0.038 -0.284 -0.287 -0.126 
<0.0001 <0.0001 0.70 <0.0001 0.89 <0.0001 0.43 <0.0001 <0.0001 0.01 
C 20:5 n3, 
% 
-0.018 -0.032 -0.058 -0.031 -0.064 -0.039 -0.072 -0.046 -0.047 -0.087 






Table E.27. Continued. Quality production focus population Pearson correlation coefficients of processed ham characteristics with 
iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 22:0, % 
0.035 0.033 -0.006 0.035 0.005 0.031 -0.009 0.019 0.019 -0.037 
0.47 0.50 0.90 0.46 0.91 0.51 0.85 0.69 0.69 0.45 
C 22:1 n9, 
% 
-0.046 -0.053 -0.036 -0.051 -0.028 -0.061 -0.052 -0.061 -0.061 -0.051 
0.34 0.27 0.46 0.29 0.57 0.21 0.29 0.21 0.21 0.29 
C 22:4 n6, 
% 
0.082 0.073 -0.032 0.076 -0.028 0.084 0.020 0.083 0.081 0.036 
0.09 0.13 0.50 0.11 0.57 0.08 0.69 0.09 0.09 0.46 
C 22:5, % 
-0.295 -0.290 0.005 -0.293 -0.003 -0.302 -0.051 -0.318 -0.320 -0.159 
<0.0001 <0.0001 0.91 <0.0001 0.95 <0.0001 0.29 <0.0001 <0.0001 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table E.28. Quality production focus population Pearson correlation coefficients of processed ham color, 
bind strength, and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) 
composition
1,2








Variable L* a* b* 
Moisture, 








-0.116 -0.201 -0.116 -0.013 0.213 -0.325 0.269 0.184 




-0.140 -0.084 -0.138 -0.056 0.296 -0.323 0.149 0.053 




-0.153 -0.157 -0.011 0.014 0.100 -0.260 0.347 0.285 
<0.01 <0.01 0.82 0.79 0.04 <0.0001 <0.0001 <0.0001 
SFA 
0.142 0.069 -0.036 -0.027 -0.041 0.179 -0.280 -0.240 
<0.01 0.15 0.46 0.58 0.40 <0.01 <0.0001 <0.0001 
MUFA 
0.000 0.128 0.093 0.031 -0.108 0.113 -0.053 -0.021 
1.00 0.01 0.05 0.53 0.03 0.02 0.27 0.66 
PUFA 
-0.134 -0.189 -0.056 -0.004 0.142 -0.278 0.316 0.247 
0.01 <0.0001 0.24 0.94 <0.01 <0.0001 <0.0001 <0.0001 
USFA:SFA 
-0.155 -0.076 0.031 0.035 0.040 -0.188 0.298 0.256 
0.00 0.12 0.52 0.48 0.41 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.167 -0.162 -0.027 0.011 0.112 -0.271 0.351 0.286 
0.00 0.00 0.57 0.82 0.02 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.123 -0.098 -0.036 0.025 -0.100 0.148 -0.109 -0.069 
0.01 0.04 0.46 0.61 0.04 <0.01 0.02 0.16 
C 15:0, % 
-0.116 -0.145 -0.077 -0.007 0.047 -0.061 0.116 0.102 
0.02 <0.01 0.11 0.88 0.33 0.21 0.02 0.03 
C 16:0, % 
0.172 0.093 -0.068 -0.040 0.010 0.149 -0.333 -0.304 
<0.01 0.05 0.16 0.42 0.83 <0.01 <0.0001 <0.0001 
C 16:1, % 
0.086 -0.130 -0.132 -0.005 0.144 -0.080 -0.098 -0.127 
0.08 0.01 0.01 0.92 <0.01 0.10 0.04 0.01 
C 17:0, % 
-0.121 -0.167 -0.118 -0.067 0.157 -0.144 0.100 0.060 
0.01 <0.01 0.01 0.18 <0.01 <0.01 0.04 0.21 
C 17:1, % 
-0.262 -0.295 -0.153 -0.008 0.148 -0.230 0.291 0.236 
<0.0001 <0.0001 <0.01 0.88 <0.01 <0.0001 <0.0001 <0.0001 
C 18:0, % 
0.057 0.045 0.034 -0.001 -0.100 0.164 -0.125 -0.081 
0.24 0.35 0.48 0.98 0.04 <0.01 0.01 0.10 
C 18:1 n9, 
% 
0.011 0.158 0.114 0.026 -0.126 0.129 -0.059 -0.023 
0.81 <0.01 0.02 0.60 0.01 0.01 0.22 0.64 
C 18:2 n6, 
% 
-0.135 -0.170 -0.060 -0.012 0.147 -0.281 0.305 0.234 
0.01 <0.01 0.22 0.80 <0.01 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
-0.126 -0.135 0.031 -0.029 0.014 -0.106 0.262 0.243 
0.01 <0.01 0.53 0.56 0.77 0.03 <0.0001 <0.0001 
C 18:3 n3, 
% 
-0.092 -0.328 -0.032 0.058 0.038 -0.147 0.326 0.299 
0.06 <0.0001 0.51 0.25 0.43 <0.01 <0.0001 <0.0001 
C 20:0, % 
0.089 0.082 -0.010 0.044 -0.053 0.135 -0.182 -0.150 






Table E.28. Continued. Quality production focus population Pearson correlation coefficients of processed 
ham color, bind strength, and proximate composition with iodine value and Fatty Acid Methyl Ester 
(FAME) composition
1,2







Variable L* a* b* 
Moisture, 





C 20:1 n9, 
% 
-0.062 0.061 0.068 0.128 -0.148 0.164 -0.046 0.001 
0.20 0.21 0.16 0.01 <0.01 <0.01 0.34 0.98 
C 20:2 n6, 
% 
-0.063 0.077 0.035 0.011 0.066 -0.090 0.049 0.023 
0.19 0.11 0.47 0.82 0.17 0.06 0.32 0.64 
C 20:3 n6, 
% 
-0.023 -0.066 -0.032 0.027 0.096 -0.114 0.066 0.034 
0.63 0.17 0.51 0.58 0.05 0.02 0.17 0.49 
C 20:4 n6, 
% 
0.003 -0.137 -0.084 -0.026 0.195 -0.268 0.175 0.101 
0.94 <0.01 0.08 0.60 <0.0001 <0.0001 <0.01 0.04 
C 20:3 n3, 
% 
0.012 -0.183 0.019 0.055 -0.010 -0.009 0.106 0.109 
0.80 <0.01 0.69 0.27 0.83 0.85 0.03 0.02 
C 20:5 n3, 
% 
-0.046 0.007 0.024 -0.004 -0.028 0.011 0.052 0.058 
0.34 0.89 0.62 0.94 0.57 0.82 0.28 0.23 
C 22:0, % 
-0.067 -0.022 -0.011 -0.004 -0.039 -0.035 0.109 0.103 
0.16 0.65 0.82 0.93 0.42 0.46 0.02 0.03 
C 22:1 n9, 
% 
-0.114 0.025 0.036 0.027 -0.071 0.026 0.094 0.106 
0.02 0.61 0.46 0.58 0.14 0.60 0.05 0.03 
C 22:4 n6, 
% 
0.059 -0.003 0.047 0.087 0.054 -0.001 -0.076 -0.081 
0.22 0.95 0.33 0.08 0.27 0.98 0.12 0.09 
C 22:5, % 
-0.061 -0.226 0.008 0.046 -0.064 -0.030 0.244 0.248 
0.20 <0.0001 0.87 0.35 0.19 0.53 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 
PUFA) to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color cured ham was determined on as the average of 4 measurements on a ham 
steak. 
4





Table E.29. Quality production focus population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2 


















-0.415 -0.584 -0.135 -0.214 -0.106 -0.556 -0.508 -0.379 -0.554 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
NitFOM 
measured IV 
-0.392 -0.575 -0.120 -0.214 -0.158 -0.562 -0.504 -0.388 -0.560 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
GC measured 
IV (AOCS) 
-0.428 -0.537 -0.140 -0.187 -0.049 -0.518 -0.529 -0.359 -0.531 
<0.0001 <0.0001 <0.01 <0.01 0.32 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.311 0.374 0.105 0.088 -0.018 0.345 0.369 0.229 0.356 
<0.0001 <0.0001 0.03 0.07 0.71 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
0.143 0.215 0.035 0.176 0.164 0.226 0.198 0.187 0.230 
<0.01 <0.0001 0.48 <0.01 <0.01 <0.0001 <0.0001 <0.01 <0.0001 
PUFA 
-0.439 -0.570 -0.136 -0.256 -0.143 -0.553 -0.548 -0.402 -0.567 
<0.0001 <0.0001 0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
USFA:SFA 
-0.316 -0.382 -0.108 -0.098 0.009 -0.352 -0.373 -0.236 -0.363 
<0.0001 <0.0001 0.03 0.04 0.86 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.442 -0.559 -0.142 -0.220 -0.097 -0.534 -0.541 -0.379 -0.549 
<0.0001 <0.0001 <0.01 <0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.079 0.191 0.011 0.085 0.241 0.128 0.121 0.095 0.130 
0.10 <0.0001 0.82 0.08 <0.0001 0.01 0.01 0.05 0.01 
C 15:0, % 
-0.340 -0.262 -0.141 -0.140 0.000 -0.366 -0.374 -0.296 -0.390 
<0.0001 <0.0001 <0.01 <0.01 1.00 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:0, % 
0.381 0.387 0.155 0.166 0.017 0.388 0.395 0.301 0.408 
<0.0001 <0.0001 <0.01 <0.01 0.73 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
0.016 -0.024 0.007 0.044 0.062 -0.013 0.009 0.041 0.012 
0.74 0.62 0.89 0.36 0.20 0.78 0.86 0.40 0.81 
C 17:0, % 
-0.431 -0.415 -0.149 -0.286 -0.172 -0.467 -0.440 -0.414 -0.496 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
-0.498 -0.382 -0.289 -0.490 -0.481 -0.441 -0.377 -0.424 -0.466 






Table E.29. Continued. Quality production focus population Pearson correlation coefficients of belly traits with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2 
















C 18:0, % 
0.160 0.266 0.019 -0.027 -0.071 0.219 0.257 0.093 0.217 
<0.01 <0.0001 0.69 0.58 0.15 <0.0001 <0.0001 0.06 <0.0001 
C 18:1 n9, % 
0.173 0.234 0.057 0.204 0.190 0.246 0.213 0.206 0.250 
<0.01 <0.0001 0.24 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:2 n6, % 
-0.394 -0.556 -0.103 -0.231 -0.159 -0.526 -0.525 -0.368 -0.536 
<0.0001 <0.0001 0.03 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:3 n6, % 
-0.180 -0.205 -0.153 -0.065 0.019 -0.287 -0.227 -0.168 -0.259 
<0.01 <0.0001 <0.01 0.19 0.69 <0.0001 <0.0001 <0.01 <0.0001 
C 18:3 n3, % 
-0.607 -0.420 -0.352 -0.344 0.042 -0.552 -0.513 -0.503 -0.588 
<0.0001 <0.0001 <0.0001 <0.0001 0.38 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.219 0.230 0.113 0.001 -0.177 0.272 0.285 0.155 0.270 
<0.0001 <0.0001 0.02 0.99 <0.01 <0.0001 <0.0001 <0.01 <0.0001 
C 20:1 n9, % 
-0.026 0.142 -0.083 -0.062 -0.057 0.167 0.135 0.039 0.132 
0.59 <0.01 0.09 0.20 0.24 <0.01 0.01 0.42 0.01 
C 20:2 n6, % 
-0.122 -0.256 0.026 -0.101 -0.179 -0.164 -0.173 -0.147 -0.182 
0.01 <0.0001 0.60 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 
C 20:3 n6, % 
-0.310 -0.340 -0.081 -0.146 -0.011 -0.333 -0.334 -0.289 -0.359 
<0.0001 <0.0001 0.10 <0.01 0.83 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:4 n6, % 
-0.396 -0.438 -0.140 -0.225 0.021 -0.433 -0.407 -0.360 -0.452 
<0.0001 <0.0001 <0.01 <0.0001 0.66 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n3, % 
-0.464 -0.251 -0.238 -0.216 0.111 -0.376 -0.369 -0.377 -0.420 
<0.0001 <0.0001 <0.0001 <0.0001 0.02 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:5 n3, % 
-0.070 -0.056 -0.052 -0.065 -0.008 -0.078 -0.046 -0.103 -0.084 
0.15 0.25 0.29 0.18 0.87 0.11 0.35 0.03 0.08 
C 22:0, % 
0.099 0.044 0.022 0.061 -0.049 0.031 0.021 0.037 0.033 
0.04 0.36 0.66 0.21 0.31 0.53 0.66 0.45 0.49 
C 22:1 n9, % 
0.009 0.026 -0.017 -0.025 -0.055 0.005 0.007 -0.003 0.004 






Table E.29. Continued. Quality production focus population Pearson correlation coefficients of belly traits with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2 
















C 22:4 n6, % 
-0.017 -0.102 0.022 0.028 0.125 -0.033 -0.056 -0.003 -0.035 
0.72 0.04 0.65 0.57 0.01 0.50 0.25 0.96 0.47 
C 22:5, % 
-0.406 -0.212 -0.311 -0.254 0.019 -0.311 -0.283 -0.294 -0.333 
<0.0001 <0.0001 <0.0001 <0.0001 0.69 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA 
= polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. 
PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm 






PEARSON CORRELATION COEFFICIENTS OF THE COLD SEASON POPULATION 
USED IN CHAPTERS 3, 4, & 5 
Table F.1. Cold season population Pearson correlation 









0.836 0.683 -0.038 -0.609 





0.474 0.707 -0.114 -0.655 
<0.0001 <0.0001 <0.0001 <0.0001 
Length 
0.554 0.463 -0.148 -0.454 
<0.0001 <0.0001 <0.0001 <0.0001 
Width 
0.420 0.166 0.080 -0.118 
<0.0001 <0.0001 <0.01 <0.0001 
Scribe 
0.043 -0.091 0.060 0.100 
0.05 <0.01 0.01 <0.0001 
Depth, 
25% 
0.483 0.635 -0.025 -0.563 
<0.0001 <0.0001 0.28 <0.0001 
Depth, 
50% 
0.480 0.587 -0.036 -0.523 
<0.0001 <0.0001 0.12 <0.0001 
Depth, 
75% 
0.472 0.480 -0.037 -0.430 
<0.0001 <0.0001 0.12 <0.0001 
Average 
Depth 
0.559 0.667 -0.038 -0.594 
<0.0001 <0.0001 0.11 <0.0001 
1 
Upper row is the correlation coefficient between traits. 
P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) 
in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 
0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 
2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 
score of 4 was 20.1 to 25 cm and a score of 5 was greater 





Table F.2. Cold season population Pearson correlation 
coefficients of carcass composition with loin quality
1
  





0.632 0.521 0.183 -0.399 
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 min  
-0.007 -0.092 0.175 0.140 
0.89 0.09 <0.01 0.01 
pH, 1 d 
-0.006 0.194 -0.139 -0.216 
0.77 <0.0001 <0.0001 <0.0001 
pH, 20 d 
0.112 0.152 0.067 -0.107 
0.02 <0.01 0.19 0.04 
Color, 1 d 
0.172 0.384 -0.222 -0.414 
<0.0001 <0.0001 <0.0001 <0.0001 
Marbling, 1 
d 
0.178 0.515 -0.252 -0.539 
<0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.290 0.337 0.073 -0.273 
<0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.226 0.229 -0.049 -0.214 
<0.0001 <0.0001 0.34 <0.0001 
Marbling, 
20 d 
0.207 0.416 -0.127 -0.407 
<0.0001 <0.0001 0.01 <0.0001 
Firmness, 
20 d 
0.098 -0.005 0.021 0.010 




    
     L* 
0.030 0.112 -0.007 -0.102 
0.16 <0.0001 0.76 <0.0001 
     a* 
0.099 0.254 -0.062 -0.242 
<0.0001 <0.0001 0.01 <0.0001 
     b* 
0.118 0.273 0.001 -0.238 




    
     L* 
-0.135 -0.080 0.038 0.081 
<0.01 0.12 0.45 0.11 
     a* 
-0.005 0.129 -0.121 -0.157 
0.91 0.01 0.02 <0.01 
     b* 
0.043 0.198 -0.102 -0.211 






Table F.2. Continued. Cold season population Pearson 









-0.201 -0.433 0.151 0.430 
<0.0001 <0.0001 <0.01 <0.0001 
Cook loss, 
21 d 
-0.307 -0.376 -0.064 0.305 




-0.280 -0.477 0.007 0.420 
<0.0001 <0.0001 0.89 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value 
indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). 
Instrumental loin color determined as the average of 2 
measurements on the ventral surface of the loin. 
3 





Table F.3. Cold season population Pearson correlation coefficients 
of carcass composition with ham quality
1,2 
Variable HCW BF LD 
Percent 
Lean 
Weight, 1 d 
0.857 0.289 0.230 -0.178 
<0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.806 0.233 0.173 -0.149 
<0.0001 <0.0001 <0.01 <0.01 
Post-trim weight 
0.702 -0.012 0.228 0.087 
<0.0001 0.82 <0.0001 0.09 
Inside weight 
0.534 -0.160 0.320 0.249 
<0.0001 <0.01 <0.0001 <0.0001 
Outside weight 
0.551 -0.071 0.180 0.124 
<0.0001 0.16 <0.01 0.01 
Knuckle weight 
0.512 -0.060 0.254 0.140 
<0.0001 0.24 <0.0001 0.01 
Shank weight 
0.400 0.012 0.117 0.031 
<0.0001 0.82 0.02 0.54 
Lite butt weight 
0.092 -0.190 0.177 0.226 
0.05 <0.01 <0.01 <0.0001 
Gluteus profundus 
    
     L* 
-0.114 -0.169 0.010 0.154 
<0.0001 <0.0001 0.53 <0.0001 
     a* 
0.086 0.087 0.034 -0.066 
<0.0001 <0.0001 0.05 <0.0001 
     b* 
0.033 0.034 -0.031 -0.040 
0.04 0.04 0.07 0.02 
Gluteus medius 
    
     L* 
-0.034 -0.146 0.071 0.153 
0.03 <0.0001 <0.0001 <0.0001 
     a* 
0.020 0.046 0.043 -0.026 
0.20 0.01 0.01 0.13 
     b* 
0.066 0.077 -0.029 -0.077 
<0.0001 <0.0001 0.08 <0.0001 
Semimembranosus 
    
     L* 
-0.118 -0.141 0.030 0.136 
0.01 0.01 0.55 0.01 
     a* 
0.109 0.093 -0.014 -0.088 
0.02 0.07 0.78 0.08 
     b* 
0.003 -0.026 0.056 0.046 






Table F.3. Continued. Cold season population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




    
     L* 
-0.047 0.001 -0.077 -0.030 
0.33 0.99 0.13 0.56 
     a* 
-0.034 -0.047 -0.044 0.026 
0.48 0.36 0.38 0.62 
     b* 
-0.051 0.004 -0.109 -0.040 
0.29 0.94 0.03 0.44 
Semitendinosus, light 
   
     L* 
0.008 0.108 -0.049 -0.114 
0.87 0.03 0.34 0.03 
     a* 
0.031 0.106 -0.016 -0.103 
0.51 0.04 0.76 0.04 
     b* 
0.055 0.212 -0.041 -0.206 
0.25 <0.0001 0.42 <0.0001 
Semitendinosus, dark 
   
     L* 
-0.035 0.050 -0.085 -0.075 
0.46 0.32 0.10 0.14 
     a* 
0.085 0.210 -0.017 -0.192 
0.08 <0.0001 0.74 <0.01 
     b* 
0.031 0.185 -0.056 -0.186 
0.51 <0.01 0.28 <0.01 
Biceps femoris 
    
     L* 
0.021 0.006 0.110 0.032 
0.66 0.91 0.03 0.53 
     a* 
0.045 0.049 -0.080 -0.072 
0.35 0.34 0.12 0.16 
     b* 
0.110 0.017 0.071 0.007 
0.02 0.73 0.16 0.89 
Vastus lateralis 
    
     L* 
-0.139 -0.047 -0.104 0.006 
<0.01 0.36 0.04 0.91 
     a* 
0.099 0.073 0.001 -0.067 
0.04 0.15 0.99 0.19 
     b* 
0.040 0.009 0.006 -0.008 






Table F.3. Continued. Cold season population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




    
     L* 
0.016 -0.045 -0.068 0.019 
0.73 0.37 0.18 0.70 
     a* 
0.069 0.068 0.072 -0.037 
0.15 0.18 0.16 0.46 
     b* 
0.204 -0.032 0.087 0.059 
<0.0001 0.53 0.09 0.25 
pH 
    
     
Semimembranosus 
0.160 0.054 -0.049 -0.064 
<0.01 0.29 0.34 0.21 
     Adductor 
0.177 0.101 -0.065 -0.110 
<0.01 0.05 0.20 0.03 
     Semitendinosus, 
light  
0.131 0.024 -0.072 -0.043 
0.01 0.64 0.16 0.40 
     Semitendinosus, 
dark 
0.141 0.048 -0.073 -0.065 
<0.01 0.34 0.15 0.20 
     Biceps femoris 
0.143 0.041 -0.077 -0.060 
<0.01 0.42 0.13 0.24 
     Vastus lateralis 
0.129 -0.001 -0.043 -0.012 
0.01 0.98 0.40 0.81 
     Rectus femoris 
0.067 -0.035 -0.001 0.032 
0.16 0.49 0.99 0.53 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a 
lighter color); a* measures redness (greater a* value indicates a 
redder color); b* measures yellowness (greater b* value indicates a 
more yellow color); Instrumental color on fresh muscle was 
determined on one measure per muscle. Instrumental color and 
ultimate pH was measured on: the semimembranosus (blonde spot, 
medial side), adductor (proximal face), semitendinosus dark portion 
(proximal edge where the head of the femur was removed, 
semitendinosus light (medial edge of the distal end), biceps femoris 






Table F.4. Cold season population Pearson correlation 
coefficients of carcass composition with ham processed ham 
quality and yield
1 




0.588 -0.113 0.278 0.194 
<0.0001 0.03 <0.0001 <0.01 
Pumped weight 
0.566 -0.135 0.257 0.206 
<0.0001 0.01 <0.0001 <0.0001 
Pump percent 
-0.110 -0.119 -0.097 0.071 
0.02 0.02 0.06 0.16 
30 minute 
drained weight 
0.572 -0.128 0.261 0.201 
<0.0001 0.01 <0.0001 <0.0001 
Pump retention 
-0.103 -0.101 -0.092 0.056 
0.03 0.05 0.07 0.27 
Stuffed weight 
0.585 -0.115 0.266 0.191 
<0.0001 0.02 <0.0001 <0.01 
Stuffed yield 
-0.081 -0.021 -0.131 -0.026 
0.09 0.69 0.01 0.61 
Casing on 
cooked weight 
0.576 -0.095 0.245 0.166 
<0.0001 0.06 <0.0001 <0.01 
Casing off 
cooked weight 
0.576 -0.095 0.242 0.166 
<0.0001 0.06 <0.0001 <0.01 
Cooked yield 
0.030 0.013 -0.133 -0.056 




    
     L* 
0.096 -0.048 0.093 0.072 
0.05 0.36 0.07 0.16 
     a* 
-0.057 0.088 0.012 -0.074 
0.24 0.09 0.82 0.15 
     b* 
0.041 0.105 0.064 -0.072 
0.39 0.04 0.21 0.17 
Bind Strength 
-0.034 0.047 0.036 -0.028 






Table F.4. Continued. Cold season population Pearson 
correlation coefficients of carcass composition with ham 
processed ham quality and yield
1
 




   
     Moisture, % 
-0.112 -0.262 0.098 0.265 
0.02 <0.0001 0.06 <0.0001 
     Lipid, % 
0.187 0.437 -0.234 -0.467 
<0.0001 <0.0001 <0.0001 <0.0001 
     Protein, % 
-0.073 -0.195 0.162 0.230 
0.13 <0.01 <0.01 <0.0001 
     PFF
3
 
-0.015 -0.059 0.094 0.086 
0.75 0.25 0.07 0.09 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates 
a lighter color). a* measures redness (greater a* value indicates 
a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was 
determined on ham steaks as the average of 4 measurements. 
3























0.308 -0.038 0.202 0.248 0.050 0.006 0.045 0.099 0.056 
<0.0001 0.10 <0.0001 <0.0001 0.03 0.81 0.05 <0.0001 0.01 
pH, 31 min  
-0.039 -0.063 -0.139 0.112 0.209 -0.010 -0.026 -0.053 -0.032 
0.45 0.22 0.01 0.03 <0.0001 0.84 0.62 0.31 0.54 
pH, 1 d 
0.083 0.112 0.228 -0.172 -0.199 0.042 0.080 0.024 0.055 
<0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.06 <0.01 0.29 0.01 
pH, 20 d 
0.170 0.112 0.070 0.213 0.290 0.152 0.144 0.104 0.155 
<0.01 0.02 0.15 <0.0001 <0.0001 <0.01 <0.01 0.03 <0.01 
Color, 1 d 
0.267 0.272 0.293 -0.046 -0.176 0.192 0.205 0.170 0.220 
<0.0001 <0.0001 <0.0001 0.04 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Marbling, 1 
d 
0.350 0.428 0.305 0.080 -0.022 0.341 0.279 0.223 0.333 
<0.0001 <0.0001 <0.0001 <0.01 0.32 <0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.251 0.286 0.113 0.088 -0.062 0.229 0.185 0.135 0.220 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Color, 20 d 
0.197 0.157 0.211 -0.002 -0.040 0.126 0.230 0.155 0.191 
<0.0001 <0.01 <0.0001 0.96 0.41 0.01 <0.0001 <0.01 <0.0001 
Marbling, 
20 d 
0.339 0.373 0.238 0.112 0.085 0.352 0.364 0.300 0.391 
<0.0001 <0.0001 <0.0001 0.02 0.08 <0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 
20 d 
0.079 0.097 0.004 0.086 0.089 0.131 0.117 0.074 0.126 




         
     L* 
0.126 0.149 0.062 0.097 0.110 0.172 0.099 0.126 0.157 
<0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.171 0.202 0.119 -0.017 -0.082 0.204 0.189 0.163 0.218 
<0.0001 <0.0001 <0.0001 0.46 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.249 0.271 0.153 0.130 0.141 0.323 0.224 0.231 0.308 




























         
     L* 
-0.088 -0.052 -0.146 0.031 0.041 -0.040 -0.117 -0.004 -0.060 
0.07 0.29 <0.01 0.52 0.40 0.41 0.02 0.93 0.22 
     a* 
0.065 0.095 0.055 0.058 0.002 0.078 0.088 0.057 0.086 
0.18 0.05 0.26 0.23 0.97 0.11 0.07 0.24 0.08 
     b* 
0.163 0.197 0.041 0.150 0.091 0.181 0.101 0.172 0.178 
<0.01 <0.0001 0.40 <0.01 0.06 <0.01 0.04 <0.01 <0.01 
Purge loss, 
20 d 
-0.293 -0.311 -0.304 0.087 0.092 -0.217 -0.282 -0.318 -0.309 
<0.0001 <0.0001 <0.0001 0.08 0.06 <0.0001 <0.0001 <0.0001 <0.0001 
Cook loss, 
21 d 
-0.327 -0.257 -0.195 -0.035 0.050 -0.252 -0.295 -0.251 -0.305 




-0.359 -0.430 -0.256 -0.042 0.037 -0.357 -0.359 -0.364 -0.415 
<0.0001 <0.0001 <0.0001 0.39 0.45 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 
cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Loin color was 
determined as the average of 2 measurements on the ventral surface of the loin.  
4






















Ham Weight, 1 d 
0.608 0.287 0.332 0.347 0.039 0.287 0.314 0.310 0.354 
<0.0001 <0.0001 <0.0001 <0.0001 0.08 <0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.555 0.219 0.306 0.371 0.049 0.225 0.241 0.235 0.268 
<0.0001 <0.0001 <0.0001 <0.0001 0.32 <0.0001 <0.0001 <0.0001 <0.0001 
Post-trim weight 
0.367 0.011 0.219 0.334 0.075 0.044 0.054 0.093 0.072 
<0.0001 0.82 <0.0001 <0.0001 0.12 0.37 0.27 0.06 0.14 
Inside weight 
0.213 -0.085 0.134 0.238 0.042 -0.041 -0.036 0.009 -0.027 
<0.0001 0.08 0.01 <0.0001 0.39 0.40 0.46 0.85 0.58 
Outside weight 
0.299 -0.009 0.153 0.288 0.079 0.045 0.034 0.088 0.064 
<0.0001 0.86 <0.01 <0.0001 0.10 0.35 0.49 0.07 0.19 
Knuckle weight 
0.211 -0.058 0.072 0.212 0.027 -0.033 -0.026 0.034 -0.011 
<0.0001 0.24 0.14 <0.0001 0.58 0.50 0.59 0.49 0.82 
Shank weight 
0.229 0.018 0.210 0.156 0.069 0.018 0.035 0.111 0.060 
<0.0001 0.72 <0.0001 <0.01 0.15 0.71 0.48 0.02 0.22 
Lite butt weight 
-0.030 -0.190 -0.156 0.150 0.065 -0.115 -0.104 -0.106 -0.125 
0.54 <0.0001 <0.01 <0.01 0.19 0.02 0.03 0.03 0.01 
Gluteus profundus 
         
     L* 
-0.074 -0.091 -0.111 0.125 0.249 -0.061 -0.046 -0.010 -0.050 
<0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.01 0.04 0.65 0.03 
     a* 
0.071 0.015 0.049 0.029 -0.012 0.046 0.035 -0.001 0.033 
<0.01 0.49 0.03 0.20 0.59 0.04 0.12 0.95 0.15 
     b* 
0.101 0.045 0.063 0.114 0.141 0.073 0.064 0.070 0.080 


























         
     L* 
0.005 -0.061 -0.129 0.216 0.298 -0.006 -0.027 0.010 -0.009 
0.84 0.01 <0.0001 <0.0001 <0.0001 0.79 0.23 0.65 0.70 
     a* 
0.031 0.049 0.037 0.063 0.091 0.053 0.041 0.025 0.047 
0.17 0.03 0.10 0.01 <0.0001 0.02 0.07 0.27 0.04 
     b* 
0.155 0.116 0.090 0.160 0.163 0.123 0.095 0.103 0.126 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Semimembranosus 
         
     L* 
-0.129 -0.074 -0.101 -0.079 -0.036 -0.066 -0.089 0.014 -0.054 
0.01 0.13 0.04 0.11 0.46 0.18 0.07 0.78 0.27 
     a* 
0.182 0.207 0.095 0.155 0.135 0.175 0.191 0.076 0.170 
<0.01 <0.0001 0.05 <0.01 0.01 <0.01 <0.0001 0.12 <0.01 
     b* 
0.030 0.071 -0.016 0.106 0.144 0.048 0.024 -0.004 0.028 
0.53 0.15 0.74 0.03 <0.01 0.32 0.62 0.93 0.57 
Adductor 
         
     L* 
0.011 0.039 0.007 -0.004 0.005 0.087 0.046 0.023 0.063 
0.83 0.43 0.89 0.94 0.92 0.07 0.34 0.63 0.20 
     a* 
-0.074 -0.028 -0.049 -0.040 0.026 -0.014 -0.029 -0.012 -0.020 
0.13 0.56 0.32 0.41 0.60 0.78 0.55 0.80 0.68 
     b* 
0.000 0.051 0.000 -0.050 0.010 0.105 0.079 -0.004 0.073 


























        
     L* 
0.059 0.109 0.028 -0.009 -0.006 0.085 0.065 0.102 0.097 
0.23 0.03 0.56 0.85 0.90 0.08 0.18 0.04 0.05 
     a* 
0.121 0.111 0.149 0.108 0.196 0.134 0.151 0.085 0.142 
0.01 0.02 <0.01 0.03 <0.0001 0.01 <0.01 0.08 <0.01 
     b* 
0.152 0.205 0.146 0.025 0.071 0.197 0.198 0.148 0.209 
<0.01 <0.0001 <0.01 0.61 0.15 <0.0001 <0.0001 <0.01 <0.0001 
Semitendinosus, 
dark 
         
     L* 
0.081 0.075 0.009 0.135 0.218 0.089 0.069 0.129 0.110 
0.10 0.13 0.85 0.01 <0.0001 0.07 0.16 0.01 0.03 
     a* 
0.130 0.210 0.091 0.034 -0.037 0.131 0.161 0.108 0.153 
0.01 <0.0001 0.06 0.49 0.45 0.01 <0.01 0.03 <0.01 
     b* 
0.147 0.226 0.065 0.154 0.141 0.173 0.186 0.135 0.189 
<0.01 <0.0001 0.18 <0.01 <0.01 <0.01 <0.01 0.01 <0.0001 
Biceps femoris 
         
     L* 
0.036 0.036 0.080 0.002 -0.041 0.038 -0.021 0.082 0.040 
0.46 0.47 0.10 0.98 0.40 0.43 0.67 0.09 0.42 
     a* 
0.146 0.145 0.014 0.175 0.162 0.143 0.145 0.140 0.164 
<0.01 <0.01 0.78 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
     b* 
0.156 0.132 0.043 0.212 0.180 0.154 0.093 0.150 0.155 


























         
     L* 
-0.101 -0.052 -0.081 -0.037 -0.032 -0.070 -0.089 -0.024 -0.070 
0.04 0.29 0.10 0.44 0.51 0.15 0.07 0.63 0.15 
     a* 
0.160 0.153 0.095 0.126 0.134 0.159 0.154 0.069 0.148 
<0.01 <0.01 0.05 0.01 0.01 <0.01 <0.01 0.16 <0.01 
     b* 
0.048 0.090 0.101 0.034 0.035 0.021 0.044 0.068 0.049 
0.33 0.06 0.04 0.48 0.48 0.68 0.37 0.17 0.32 
Rectus femoris 
         
     L* 
0.019 -0.005 0.092 -0.008 -0.025 0.006 -0.027 0.092 0.027 
0.70 0.92 0.06 0.87 0.61 0.91 0.58 0.06 0.59 
     a* 
0.114 0.139 0.001 0.173 0.184 0.099 0.068 0.004 0.069 
0.02 <0.01 0.98 <0.01 <0.01 0.04 0.16 0.94 0.16 
     b* 
0.138 0.030 0.221 0.111 0.091 -0.006 -0.017 0.069 0.017 


























         
     Semimembran-
osus 
0.142 0.053 0.118 0.124 0.068 0.043 0.038 0.083 0.062 
<0.01 0.28 0.02 0.01 0.16 0.38 0.43 0.09 0.20 
     Adductor 
0.161 0.083 0.137 0.097 0.043 0.056 0.061 0.114 0.087 
<0.01 0.09 <0.01 0.05 0.38 0.25 0.22 0.02 0.07 
     Semitendinosus, 
light  
0.094 0.021 0.099 0.035 -0.045 0.003 0.012 0.022 0.013 
0.05 0.66 0.04 0.48 0.35 0.96 0.81 0.65 0.79 
     Semitendinosus, 
dark 
0.090 0.032 0.135 -0.005 -0.091 0.004 0.009 0.008 0.007 
0.07 0.52 0.01 0.93 0.06 0.94 0.86 0.87 0.88 
     Biceps femoris 
0.127 0.054 0.113 0.082 0.046 0.041 0.048 0.072 0.061 
0.01 0.27 0.02 0.09 0.35 0.40 0.33 0.14 0.21 
     Vastus lateralis 
0.076 0.031 0.092 0.050 -0.016 -0.012 0.007 0.013 0.002 
0.12 0.53 0.06 0.30 0.75 0.81 0.88 0.79 0.97 
     Rectus femoris 
0.012 -0.035 0.070 -0.007 -0.056 -0.064 -0.048 -0.022 -0.052 
0.80 0.48 0.15 0.89 0.25 0.19 0.33 0.66 0.28 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh muscle was 
determined on one measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus (blonde 
spot, medial side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and 
rectus femoris (proximal face). 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop 
scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 
was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a score of 5 























0.276 -0.055 0.153 0.247 0.051 0.002 0.008 0.073 0.030 
<0.0001 0.26 <0.01 <0.0001 0.30 0.97 0.87 0.14 0.54 
Pumped 
weight 
0.254 -0.078 0.147 0.211 0.032 -0.015 -0.012 0.072 0.015 
<0.0001 0.11 <0.01 <0.0001 0.51 0.76 0.80 0.14 0.76 
Pump percent 
-0.121 -0.119 -0.019 -0.190 -0.082 -0.090 -0.100 -0.028 -0.084 
0.01 0.01 0.69 <0.0001 0.09 0.07 0.04 0.56 0.08 
30 minute 
drained weight 
0.258 -0.074 0.154 0.212 0.028 -0.013 -0.007 0.070 0.017 
<0.0001 0.13 <0.01 <0.0001 0.57 0.79 0.88 0.15 0.72 
Pump retention 
-0.123 -0.116 0.013 -0.225 -0.124 -0.096 -0.090 -0.040 -0.088 
0.01 0.02 0.79 <0.0001 0.01 0.05 0.07 0.41 0.07 
Stuffed weight 
0.271 -0.063 0.165 0.214 0.007 -0.011 -0.004 0.075 0.021 
<0.0001 0.20 <0.01 <0.0001 0.88 0.82 0.94 0.13 0.67 
Stuffed yield 
-0.093 -0.057 0.023 -0.190 -0.131 -0.056 -0.083 <0.01 -0.055 
0.06 0.25 0.64 <0.01 0.01 0.25 0.09 0.94 0.27 
Casing on 
cooked weight 
0.273 -0.068 0.173 0.194 -0.026 -0.020 -0.005 0.073 0.016 
<0.0001 0.16 <0.01 <0.0001 0.60 0.69 0.92 0.14 0.74 
Casing off 
cooked weight 
0.273 -0.068 0.174 0.193 -0.031 -0.020 -0.006 0.073 0.016 
<0.0001 0.17 <0.01 <0.0001 0.53 0.68 0.90 0.14 0.75 
Cooked yield 
-0.011 -0.076 0.101 -0.208 -0.244 -0.047 -0.051 0.020 -0.031 




         
     L* 
0.070 -0.038 -0.090 0.340 0.353 -0.009 -0.063 -0.004 -0.027 
0.16 0.45 0.07 <0.0001 <0.0001 0.85 0.20 0.93 0.58 
     a* 
0.037 0.074 0.050 0.019 0.056 0.104 0.112 0.116 0.127 
0.45 0.14 0.31 0.70 0.26 0.03 0.02 0.02 0.01 
     b* 
0.101 0.123 0.006 0.208 0.220 0.110 0.077 0.117 0.118 

























-0.028 -0.001 -0.021 -0.085 -0.022 0.061 0.080 0.046 0.071 
0.58 0.98 0.67 0.09 0.66 0.23 0.11 0.36 0.16 
Proximate Composition 
        
     Moisture, % 
-0.234 -0.325 -0.123 -0.152 -0.149 -0.275 -0.237 -0.204 -0.278 
<0.0001 <0.0001 0.01 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Lipid, % 
0.401 0.440 0.255 0.222 0.158 0.381 0.355 0.349 0.418 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     Protein, % 
-0.239 -0.183 -0.166 -0.137 -0.102 -0.161 -0.199 -0.238 -0.226 
<0.0001 <0.01 <0.01 0.01 0.04 <0.01 <0.0001 <0.0001 <0.0001 
     PFF
4
 
-0.120 -0.043 -0.092 -0.071 -0.055 -0.040 -0.091 -0.136 -0.099 
0.02 0.39 0.06 0.15 0.27 0.41 0.07 0.01 0.05 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop 
scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score 
of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm and a 
score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color was 
determined on ham steaks as the average of 4 measurements. 
4





Table F.8. Cold season population Pearson correlation coefficients of loin weight, pH, water holding 















Ham Weight, 1 d 
0.634 -0.015 -0.041 0.050 -0.097 -0.228 -0.156 
<0.0001 0.77 0.05 0.30 0.04 <0.0001 <0.01 
Pre-trim weight 
0.593 <0.01 -0.022 0.038 -0.135 -0.221 -0.159 
<0.0001 0.94 0.64 0.43 0.01 <0.0001 <0.01 
Post-trim weight 
0.666 0.028 -0.058 0.011 0.003 -0.106 -0.037 
<0.0001 0.59 0.23 0.81 0.95 0.03 0.45 
Inside weight 
0.668 0.019 -0.067 0.006 0.161 -0.049 0.012 
<0.0001 0.71 0.16 0.90 <0.01 0.31 0.80 
Outside weight 
0.551 -0.019 -0.088 0.019 0.154 -0.035 0.037 
<0.0001 0.71 0.07 0.70 <0.01 0.47 0.44 
Knuckle weight 
0.571 -0.015 -0.060 0.003 0.064 -0.067 -0.013 
<0.0001 0.77 0.21 0.95 0.18 0.16 0.79 
Shank weight 
0.408 0.036 0.050 0.017 -0.029 -0.047 -0.076 
<0.0001 0.47 0.30 0.73 0.54 0.33 0.12 
Lite butt weight 
0.207 0.089 -0.071 -0.014 0.121 0.079 0.153 
<0.0001 0.08 0.14 0.78 0.01 0.10 <0.01 
Gluteus profundus 
       
     L* 
-0.049 0.066 -0.203 0.006 0.175 0.141 0.111 
0.02 0.20 <0.0001 0.91 <0.01 <0.01 0.02 
     a* 
0.059 0.014 -0.041 0.031 -0.039 -0.078 -0.016 
<0.01 0.78 0.05 0.53 0.42 0.11 0.74 
     b* 
0.008 0.055 -0.137 0.021 0.084 0.035 0.029 
0.69 0.28 <0.0001 0.66 0.08 0.47 0.55 
Gluteus medius 
       
     L* 
0.045 0.074 -0.370 -0.051 0.174 0.160 0.133 
0.03 0.15 <0.0001 0.29 <0.01 <0.01 0.01 
     a* 
-0.024 0.044 -0.053 0.056 -0.006 -0.035 0.003 
0.25 0.40 0.01 0.25 0.89 0.48 0.95 
     b* 
0.012 -0.032 -0.184 0.043 0.008 0.043 -0.030 
0.57 0.53 <0.0001 0.38 0.86 0.37 0.53 
Semimembranosus 
       
     L* 
-0.035 0.079 -0.188 -0.250 0.203 0.258 0.170 
0.47 0.12 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
     a* 
0.061 -0.077 -0.130 -0.038 -0.019 0.036 -0.065 
0.21 0.13 0.01 0.43 0.70 0.45 0.18 
     b* 
0.060 0.070 -0.214 -0.099 0.176 0.128 0.044 






Table F.8. Continued. Cold season population Pearson correlation coefficients of loin weight, pH, 

















       
     L* 
-0.052 0.007 -0.156 -0.212 0.164 0.230 0.073 
0.28 0.90 <0.01 <0.0001 <0.01 <0.0001 0.13 
     a* 
-0.013 0.034 -0.097 -0.093 0.111 0.112 0.089 
0.78 0.50 0.04 0.05 0.02 0.02 0.06 
     b* 
-0.076 0.006 -0.139 -0.170 0.166 0.200 0.102 
0.11 0.91 <0.01 <0.01 <0.01 <0.0001 0.03 
Semitendinosus, light 
      
     L* 
-0.109 0.022 0.000 -0.037 -0.095 -0.013 -0.044 
0.02 0.66 0.99 0.45 0.05 0.79 0.37 
     a* 
-0.001 0.015 -0.019 0.116 -0.016 -0.004 -0.053 
0.98 0.76 0.69 0.02 0.74 0.94 0.28 
     b* 
-0.084 0.059 0.059 0.075 -0.154 -0.065 -0.129 
0.08 0.24 0.22 0.12 <0.01 0.18 0.01 
Semitendinosus, dark 
      
     L* 
-0.157 0.051 -0.094 0.015 0.038 0.064 0.019 
<0.01 0.32 0.05 0.76 0.43 0.19 0.69 
     a* 
0.037 -0.028 -0.031 -0.068 -0.091 -0.075 -0.109 
0.44 0.57 0.52 0.16 0.06 0.12 0.02 
     b* 
-0.113 0.047 -0.073 -0.057 -0.007 0.005 -0.034 
0.02 0.35 0.13 0.24 0.89 0.92 0.48 
Biceps femoris 
       
     L* 
0.042 -0.086 -0.172 -0.254 0.094 0.180 0.027 
0.38 0.09 <0.01 <0.0001 0.05 <0.01 0.57 
     a* 
-0.035 -0.034 -0.130 0.005 0.110 0.097 0.039 
0.47 0.51 0.01 0.92 0.02 0.04 0.42 
     b* 
0.093 -0.081 -0.262 -0.138 0.212 0.201 0.064 
0.05 0.11 <0.0001 <0.01 <0.0001 <0.0001 0.18 
Vastus lateralis 
       
     L* 
-0.099 0.058 -0.081 -0.194 0.083 0.145 0.059 
0.04 0.25 0.09 <0.0001 0.09 <0.01 0.22 
     a* 
0.050 0.033 -0.090 -0.012 0.040 0.034 0.013 
0.30 0.51 0.06 0.80 0.41 0.49 0.79 
     b* 
0.050 0.065 -0.032 -0.097 0.023 0.071 0.007 






Table F.8. Continued. Cold season population Pearson correlation coefficients of loin weight, pH, 

















       
     L* 
-0.044 -0.027 -0.041 -0.127 0.082 0.090 0.010 
0.36 0.59 0.39 0.01 0.09 0.06 0.83 
     a* 
0.095 0.064 -0.146 -0.007 0.064 0.054 -0.014 
0.05 0.21 <0.01 0.88 0.19 0.26 0.78 
     b* 
0.197 0.071 -0.020 0.007 0.100 -0.011 -0.017 
<0.0001 0.16 0.68 0.89 0.04 0.81 0.73 
pH 
       
     Semimembran-
osus 
0.050 0.053 0.095 0.160 -0.218 -0.158 -0.160 
0.30 0.30 0.05 0.00 <0.0001 <0.01 <0.01 
     Adductor 
0.048 0.004 0.142 0.184 -0.270 -0.211 -0.208 
0.32 0.93 <0.01 <0.01 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
0.059 0.007 0.131 0.120 -0.198 -0.161 -0.138 
0.22 0.89 0.01 0.01 <0.0001 <0.01 <0.01 
     Semitendinosus, 
dark 
0.057 -0.033 0.180 0.121 -0.232 -0.188 -0.161 
0.24 0.52 <0.01 0.01 <0.0001 <0.0001 <0.01 
     Biceps femoris 
0.031 0.037 0.116 0.205 -0.233 -0.198 -0.139 
0.52 0.47 0.02 <0.0001 <0.0001 <0.0001 <0.01 
     Vastus lateralis 
0.042 0.029 0.094 0.142 -0.221 -0.173 -0.095 
0.39 0.57 0.05 <0.01 <0.0001 <0.01 0.05 
     Rectus femoris 
0.026 0.052 0.118 0.177 -0.191 -0.171 -0.057 
0.59 0.30 0.01 <0.01 <0.0001 <0.01 0.23 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color on fresh muscle was determined on one measure per muscle. 
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus 
lateralis (proximal edge), and rectus femoris (proximal face). 
3





Table F.9. Cold season population Pearson correlation coefficients of subjective loin color, 
















Ham Weight, 1 d 
0.107 0.058 0.274 0.169 0.060 0.078 
<0.0001 <0.01 <0.0001 <0.01 0.21 0.10 
Pre-trim weight 
0.124 0.030 0.215 0.147 0.070 0.071 
0.01 0.53 <0.0001 <0.01 0.15 0.14 
Post-trim weight 
0.025 -0.106 0.160 0.102 -0.061 0.074 
0.60 0.03 <0.01 0.03 0.21 0.12 
Inside weight 
-0.050 -0.230 0.150 0.082 -0.180 0.050 
0.30 <0.0001 <0.01 0.09 <0.01 0.30 
Outside weight 
-0.024 -0.159 0.137 0.117 -0.106 0.070 
0.62 <0.01 <0.01 0.01 0.03 0.15 
Knuckle weight 
-0.041 -0.197 0.148 0.055 -0.174 0.007 
0.39 <0.0001 <0.01 0.25 <0.01 0.88 
Shank weight 
0.040 -0.015 0.126 0.039 -0.017 0.018 
0.40 0.75 0.01 0.42 0.73 0.70 
Lite butt weight 
-0.128 -0.205 -0.049 -0.097 -0.131 -0.045 
0.01 <0.0001 0.31 0.04 0.01 0.36 
Gluteus profundus 
      
     L* 
-0.192 -0.021 -0.086 -0.200 0.025 0.014 
<0.0001 0.18 <0.0001 <0.0001 0.61 0.77 
     a* 
0.061 0.052 0.039 0.142 0.061 0.009 
<0.01 <0.01 0.01 <0.01 0.21 0.85 
     b* 
-0.034 0.060 -0.030 -0.011 0.097 0.029 
0.03 <0.01 0.06 0.82 0.05 0.55 
Gluteus medius 
      
     L* 
-0.323 -0.085 -0.120 -0.210 -0.024 0.094 
<0.0001 <0.0001 <0.0001 <0.0001 0.63 0.05 
     a* 
0.084 0.074 0.049 0.086 0.076 0.079 
<0.0001 <0.0001 <0.01 0.08 0.12 0.11 
     b* 
-0.038 0.057 -0.013 -0.036 0.088 0.082 
0.02 <0.01 0.43 0.46 0.07 0.09 
Semimembranosus 
      
     L* 
-0.186 -0.034 -0.069 -0.337 -0.063 0.010 
<0.0001 0.47 0.15 <0.0001 0.19 0.84 
     a* 
0.075 0.058 0.065 0.045 0.131 0.072 
0.12 0.23 0.17 0.35 0.01 0.14 
     b* 
-0.013 0.048 0.052 -0.138 0.008 0.048 






Table F.9. Continued. Cold season population Pearson correlation coefficients of subjective 

















      
     L* 
-0.081 0.037 -0.054 -0.223 -0.018 0.028 
0.09 0.43 0.26 <0.0001 0.71 0.56 
     a* 
0.035 -0.056 -0.031 0.039 -0.029 0.050 
0.47 0.25 0.52 0.42 0.55 0.30 
     b* 
-0.001 0.024 -0.037 -0.081 -0.001 0.056 
0.98 0.62 0.44 0.09 0.99 0.25 
Semitendinosus, light  
     
     L* 
-0.055 0.093 0.005 -0.058 0.129 0.029 
0.25 0.05 0.91 0.23 0.01 0.54 
     a* 
0.128 0.140 0.062 0.068 0.095 0.094 
0.01 <0.01 0.20 0.16 0.05 0.05 
     b* 
0.051 0.186 0.077 0.034 0.222 0.130 
0.29 <0.0001 0.11 0.48 <0.0001 0.01 
Semitendinosus, dark 
     
     L* 
-0.011 0.129 -0.037 -0.074 0.129 -0.063 
0.82 0.01 0.44 0.12 0.01 0.19 
     a* 
0.096 0.124 0.122 0.022 0.121 0.040 
0.05 0.01 0.01 0.65 0.01 0.41 
     b* 
0.074 0.183 0.084 -0.029 0.161 -0.031 
0.13 <0.01 0.08 0.54 <0.01 0.52 
Biceps femoris 
      
     L* 
-0.132 -0.087 0.011 -0.245 -0.046 -0.008 
0.01 0.07 0.82 <0.0001 0.34 0.87 
     a* 
-0.004 0.055 -0.016 0.022 0.076 0.138 
0.94 0.25 0.74 0.65 0.11 <0.01 
     b* 
-0.138 -0.042 0.035 -0.163 0.029 0.158 
<0.01 0.38 0.47 <0.01 0.55 <0.01 
Vastus lateralis 
      
     L* 
-0.117 0.054 -0.046 -0.227 0.046 0.068 
0.01 0.26 0.33 <0.0001 0.34 0.16 
     a* 
0.083 0.018 0.004 0.024 0.019 0.067 
0.08 0.70 0.93 0.62 0.69 0.17 
     b* 
0.015 0.022 0.016 -0.078 -0.008 0.155 






Table F.9. Continued. Cold season population Pearson correlation coefficients of subjective 

















      
     L* 
-0.136 0.003 -0.113 -0.169 0.022 -0.059 
<0.01 0.95 0.02 <0.01 0.65 0.23 
     a* 
0.086 0.009 0.079 0.045 -0.024 0.085 
0.07 0.85 0.10 0.36 0.62 0.08 
     b* 
-0.017 -0.102 -0.077 0.053 -0.063 -0.003 
0.72 0.03 0.11 0.27 0.19 0.94 
pH 
      
     Semimembran-
osus 
0.057 0.091 0.055 0.128 0.096 0.007 
0.24 0.06 0.25 0.01 0.05 0.88 
     Adductor 
0.062 0.131 0.098 0.164 0.131 0.003 
0.20 0.01 0.04 <0.01 0.01 0.94 
     Semitendinosus, 
light  
0.081 0.091 0.086 0.157 0.062 0.030 
0.09 0.06 0.07 <0.01 0.20 0.53 
     Semitendinosus, 
dark 
0.113 0.109 0.131 0.175 0.056 0.014 
0.02 0.02 0.01 <0.01 0.24 0.77 
     Biceps femoris 
0.051 0.109 0.121 0.149 0.102 -0.012 
0.28 0.02 0.01 <0.01 0.03 0.80 
     Vastus lateralis 
0.065 0.070 0.100 0.124 0.064 -0.029 
0.18 0.14 0.04 0.01 0.18 0.55 
     Rectus femoris 
0.027 0.024 0.074 0.143 0.039 -0.027 
0.58 0.62 0.12 <0.01 0.41 0.58 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh muscle was determined on one 
measure per muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus dark 
portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), 





Table F.10. Cold season population Pearson correlation coefficients of loin color, marbling, 




1 d 20d 
Variable L* a* b* L* a* b* 
Ham Weight, 1 d 
-0.038 0.034 0.012 -0.140 -0.043 -0.025 
0.07 0.10 0.56 <0.01 0.36 0.60 
Pre-trim weight 
-0.047 0.027 0.040 -0.153 -0.008 -0.004 
0.33 0.58 0.41 <0.01 0.87 0.94 
Post-trim weight 
-0.073 -0.041 -0.032 -0.146 -0.055 -0.068 
0.13 0.40 0.51 <0.01 0.26 0.16 
Inside weight 
-0.079 -0.082 -0.069 -0.076 -0.138 -0.141 
0.10 0.09 0.16 0.12 <0.01 <0.01 
Outside weight 
-0.087 -0.051 -0.061 -0.114 -0.086 -0.100 
0.07 0.30 0.21 0.02 0.07 0.04 
Knuckle weight 
-0.052 -0.093 -0.056 -0.094 -0.129 -0.163 
0.29 0.05 0.25 0.05 0.01 <0.01 
Shank weight 
-0.003 -0.039 0.028 -0.027 -0.046 0.012 
0.95 0.42 0.56 0.57 0.34 0.81 
Lite butt weight 
-0.034 -0.162 -0.084 0.032 -0.052 -0.034 
0.48 <0.01 0.08 0.51 0.28 0.48 
Gluteus profundus 
      
     L* 
0.117 -0.058 0.090 0.144 0.026 0.149 
<0.0001 0.01 <0.0001 <0.01 0.59 <0.01 
     a* 
-0.029 0.139 0.063 -0.084 0.073 0.015 
0.17 <0.0001 <0.01 0.08 0.13 0.75 
     b* 
0.105 0.078 0.174 0.011 0.144 0.161 
<0.0001 <0.01 <0.0001 0.82 <0.01 <0.01 
Gluteus medius 
      
     L* 
0.241 -0.058 0.199 0.231 -0.001 0.175 
<0.0001 0.01 <0.0001 <0.0001 0.98 <0.01 
     a* 
-0.094 0.167 0.049 -0.110 0.204 0.123 
<0.0001 <0.0001 0.02 0.02 <0.0001 0.01 
     b* 
0.125 0.112 0.217 0.000 0.211 0.229 
<0.0001 <0.0001 <0.0001 0.99 <0.0001 <0.0001 
Semimembranosus 
      
     L* 
0.178 -0.095 0.128 0.331 -0.015 0.179 
<0.01 0.05 0.01 <0.0001 0.76 <0.01 
     a* 
-0.044 0.300 0.131 -0.115 0.321 0.219 
0.37 <0.0001 0.01 0.02 <0.0001 <0.0001 
     b* 
0.020 0.129 0.121 0.077 0.140 0.235 






Table F.10. Continued. Cold season population Pearson correlation coefficients of loin 
color, marbling, and firmness traits with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Adductor 
      
     L* 
0.172 -0.126 0.106 0.285 -0.061 0.164 
<0.01 0.01 0.03 <0.0001 0.20 <0.01 
     a* 
-0.113 0.255 0.054 -0.124 0.272 0.130 
0.02 <0.0001 0.26 0.01 <0.0001 0.01 
     b* 
0.016 0.065 0.111 0.055 0.084 0.146 
0.73 0.18 0.02 0.25 0.08 <0.01 
Semitendinosus, 
light  
      
     L* 
0.135 0.016 0.118 0.093 -0.039 0.018 
0.01 0.74 0.01 0.05 0.42 0.71 
     a* 
-0.031 0.198 0.130 -0.059 0.223 0.216 
0.52 <0.0001 0.01 0.23 <0.0001 <0.0001 
     b* 
0.086 0.152 0.199 0.026 0.063 0.101 
0.08 <0.01 <0.0001 0.59 0.19 0.04 
Semitendinosus, 
dark 
      
     L* 
0.131 -0.110 0.077 0.166 -0.016 0.109 
0.01 0.02 0.11 <0.01 0.73 0.02 
     a* 
-0.009 0.172 0.101 0.002 0.097 0.154 
0.85 <0.01 0.04 0.96 0.04 <0.01 
     b* 
0.101 0.009 0.124 0.100 0.040 0.171 
0.04 0.86 0.01 0.04 0.41 <0.01 
Biceps femoris 
      
     L* 
0.245 -0.001 0.185 0.269 -0.020 0.135 
<0.0001 0.98 <0.01 <0.0001 0.68 0.01 
     a* 
-0.044 0.170 0.090 -0.053 0.288 0.260 
0.37 <0.01 0.06 0.28 <0.0001 <0.0001 
     b* 
0.167 0.071 0.205 0.151 0.165 0.281 
<0.01 0.14 <0.0001 <0.01 <0.01 <0.0001 
Vastus lateralis 
      
     L* 
0.150 -0.081 0.073 0.267 -0.085 0.110 
<0.01 0.09 0.13 <0.0001 0.08 0.02 
     a* 
-0.030 0.148 0.080 -0.053 0.261 0.196 
0.53 <0.01 0.10 0.27 <0.0001 <0.0001 
     b* 
0.032 0.042 0.102 0.081 0.168 0.257 






Table F.10. Continued. Cold season population Pearson correlation coefficients of loin 
color, marbling, and firmness traits with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Rectus femoris 
      
     L* 
0.205 -0.167 0.050 0.174 -0.088 0.070 
<0.0001 <0.01 0.30 <0.01 0.07 0.14 
     a* 
-0.127 0.227 0.090 -0.051 0.272 0.205 
0.01 <0.0001 0.06 0.29 <0.0001 <0.0001 
     b* 
-0.014 -0.025 0.021 -0.023 0.062 0.082 
0.78 0.61 0.67 0.64 0.20 0.09 
pH 
      
     Semimembran-
osus 
0.036 -0.020 0.023 -0.077 -0.146 -0.137 
0.47 0.68 0.63 0.11 <0.01 <0.01 
     Adductor 
0.041 -0.014 0.026 -0.083 -0.189 -0.168 
0.39 0.77 0.59 0.08 <0.0001 <0.01 
     Semitendinosus, 
light  
-0.007 -0.039 -0.047 -0.116 -0.190 -0.201 
0.89 0.42 0.34 0.02 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.040 -0.015 -0.055 -0.150 -0.167 -0.200 
0.40 0.75 0.25 <0.01 <0.01 <0.0001 
     Biceps femoris 
0.000 -0.020 -0.015 -0.119 -0.183 -0.191 
1.00 0.68 0.76 0.01 <0.01 <0.0001 
     Vastus lateralis 
-0.008 -0.004 -0.031 -0.124 -0.165 -0.182 
0.87 0.93 0.52 0.01 <0.01 <0.01 
     Rectus femoris 
-0.019 -0.015 -0.039 -0.165 -0.181 -0.234 
0.70 0.75 0.43 <0.01 <0.01 <0.0001 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color on the loin was determined as the average of 2 
measurements on the ventral surface of the loin. Instrumental color and ultimate pH for ham 
muscles was measured on: the semimembranosus (blonde spot, medial side), adductor 
(proximal face), semitendinosus dark portion (proximal edge where the head of the femur 
was removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial 
side), vastus lateralis (proximal edge), and rectus femoris (proximal face). Instrumental color 





Table F.11. Cold season population Pearson correlation coefficients of loin weight, pH, water 
















0.651 0.001 -0.035 0.061 0.088 -0.105 -0.018 
<0.0001 0.99 0.47 0.21 0.07 0.03 0.71 
Pumped 
weight 
0.637 0.008 -0.033 0.027 0.080 -0.085 0.016 
<0.0001 0.87 0.49 0.57 0.10 0.08 0.74 
Pump percent 
-0.058 0.033 0.005 -0.157 -0.027 0.093 0.153 




0.643 0.008 -0.022 0.033 0.074 -0.096 0.003 
<0.0001 0.88 0.64 0.50 0.13 0.05 0.96 
Pump 
retention 
-0.052 0.036 0.065 -0.158 -0.067 0.050 0.108 
0.28 0.48 0.18 <0.01 0.17 0.30 0.02 
Stuffed 
weight 
0.652 0.007 -0.023 0.008 0.089 -0.082 0.011 
<0.0001 0.89 0.63 0.87 0.07 0.09 0.82 
Stuffed yield 
-0.046 -0.015 0.050 -0.159 -0.064 0.022 0.061 




0.625 -0.018 0.018 0.028 0.057 -0.130 -0.028 




0.624 -0.018 0.021 0.023 0.056 -0.130 -0.026 
<0.0001 0.72 0.67 0.63 0.25 0.01 0.59 
Cooked yield 
-0.002 -0.076 0.207 -0.082 -0.172 -0.144 -0.059 




       
     L* 
0.148 0.152 -0.171 0.156 0.072 0.029 -0.005 
<0.01 <0.01 <0.01 <0.01 0.15 0.55 0.91 
     a* 
-0.102 -0.005 0.043 0.093 -0.069 -0.097 -0.105 
0.04 0.92 0.37 0.06 0.16 0.05 0.03 
     b* 
-0.004 0.051 -0.094 0.070 -0.004 -0.036 -0.155 
0.93 0.32 0.05 0.15 0.93 0.47 <0.01 
Bind strength 
-0.067 0.072 0.055 0.056 -0.095 -0.081 -0.067 






Table F.11. Continued. Cold season population Pearson correlation coefficients of loin weight, 

















      
     Moisture, 
% 
0.088 0.004 0.108 0.037 0.000 -0.018 0.065 
0.07 0.94 0.03 0.45 1.00 0.71 0.18 
     Lipid, % 
-0.170 -0.054 0.043 0.069 -0.187 -0.132 -0.233 
<0.01 0.29 0.37 0.16 <0.01 0.01 <0.0001 
     Protein, % 
0.117 -0.006 -0.142 -0.157 0.212 0.170 0.181 
0.02 0.90 <0.01 <0.01 <0.0001 <0.01 <0.01 
     PFF
4
 
0.067 -0.023 -0.140 -0.143 0.165 0.139 0.117 
0.17 0.65 <0.01 <0.01 <0.01 <0.01 0.02 
1 




SSF = slice shear force. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the average 
of 4 measurements. 
4





Table F.12. Cold season population Pearson correlation coefficients of subjective loin 

















-0.035 -0.223 0.134 0.132 -0.146 0.049 
0.47 <0.0001 0.01 0.01 <0.01 0.31 
Pumped 
weight 
-0.004 -0.205 0.137 0.119 -0.167 0.040 
0.93 <0.0001 <0.01 0.01 <0.01 0.40 
Pump percent 
0.109 0.067 0.004 -0.065 -0.102 -0.048 




-0.004 -0.208 0.135 0.123 -0.165 0.037 
0.93 <0.0001 <0.01 0.01 <0.01 0.44 
Pump 
retention 
0.131 0.067 -0.007 -0.060 -0.107 -0.074 
0.01 0.16 0.88 0.22 0.03 0.12 
Stuffed 
weight 
0.001 -0.199 0.152 0.102 -0.174 0.037 
0.98 <0.0001 <0.01 0.04 <0.01 0.44 
Stuffed yield 
0.141 0.133 0.049 -0.065 -0.099 -0.061 




0.017 -0.177 0.143 0.122 -0.140 0.025 




0.020 -0.175 0.145 0.121 -0.141 0.025 
0.67 <0.01 <0.01 0.01 <0.01 0.61 
Cooked yield 
0.222 0.134 0.055 0.038 -0.037 -0.074 
<0.0001 0.01 0.26 0.44 0.45 0.13 
Cured color 
      
     L* 
-0.226 -0.038 -0.009 -0.223 0.042 0.023 
<0.0001 0.43 0.86 <0.0001 0.39 0.64 
     a* 
0.143 0.007 -0.058 0.173 0.015 0.060 
<0.01 0.89 0.23 <0.01 0.75 0.22 
     b* 
-0.009 -0.029 -0.053 -0.014 0.026 0.063 
0.86 0.55 0.27 0.78 0.60 0.19 
Bind strength 
0.009 0.046 -0.002 -0.005 0.036 -0.038 






Table F.12. Continued. Cold season population Pearson correlation coefficients of 


















     
     Moisture, 
% 
-0.016 -0.293 -0.125 0.021 -0.299 -0.124 
0.73 <0.0001 0.01 0.67 <0.0001 0.01 
     Lipid, % 
0.203 0.492 0.210 0.043 0.466 0.098 
<0.0001 <0.0001 <0.0001 0.37 <0.0001 0.04 
     Protein, % 
-0.204 -0.278 -0.087 -0.023 -0.252 0.008 
<0.0001 <0.0001 0.07 0.63 <0.0001 0.86 
     PFF
3
 
-0.151 -0.131 -0.021 -0.013 -0.112 0.042 
<0.01 0.01 0.66 0.79 0.02 0.39 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined on 
ham steaks as the average of 4 measurements. 
3





Table F.13. Cold season population Pearson correlation coefficients of loin color, 




1 d 20d 
Variable L* a* b* L* a* b* 
Green weight 
-0.096 -0.084 -0.083 -0.121 -0.163 -0.191 
0.05 0.08 0.09 0.01 <0.01 <0.0001 
Pumped 
weight 
-0.123 -0.091 -0.107 -0.134 -0.147 -0.179 
0.01 0.06 0.03 0.01 <0.01 <0.01 
Pump percent 
-0.105 -0.022 -0.094 -0.040 0.055 0.047 




-0.092 -0.105 0.074 -0.135 -0.152 -0.184 
0.06 0.03 0.13 0.01 <0.01 <0.01 
Pump 
retention 
-0.108 -0.030 -0.097 -0.045 0.042 0.035 
0.03 0.54 0.05 0.36 0.38 0.46 
Stuffed 
weight 
-0.117 -0.079 -0.091 -0.127 -0.133 -0.148 
0.02 0.11 0.06 0.01 0.01 <0.01 
Stuffed yield 
-0.089 0.014 -0.046 -0.058 0.075 0.099 




-0.112 -0.073 -0.094 -0.133 -0.146 -0.170 




-0.115 -0.072 -0.095 -0.135 -0.144 -0.170 
0.02 0.14 0.05 0.01 <0.01 <0.01 
Cooked yield 
-0.114 -0.009 -0.111 -0.106 -0.017 -0.041 
0.02 0.86 0.02 0.03 0.73 0.40 
Cured color 
      
     L* 
0.211 -0.236 0.103 0.247 -0.229 0.001 
<0.0001 <0.0001 0.04 <0.0001 <0.0001 0.99 
     a* 
-0.155 0.312 0.059 -0.245 0.382 0.196 
<0.01 <0.0001 0.23 <0.0001 <0.0001 <0.0001 
     b* 
0.025 0.210 0.202 -0.011 0.246 0.276 
0.62 <0.0001 <0.0001 0.83 <0.0001 <0.0001 
Bind strength 
0.007 0.019 0.004 0.044 -0.001 0.007 






Table F.13. Continued. Cold season population Pearson correlation coefficients of 
loin color, marbling, and firmness traits with processed ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Proximate Composition 
     
     Moisture, 
% 
-0.132 -0.124 -0.240 -0.085 -0.121 -0.264 
0.01 0.01 <0.0001 0.08 0.01 <0.0001 
     Lipid, % 
0.171 0.130 0.288 0.090 0.072 0.261 
<0.01 0.01 <0.0001 0.06 0.14 <0.0001 
     Protein, % 
-0.068 0.014 -0.077 -0.069 0.058 -0.052 
0.17 0.78 0.11 0.16 0.23 0.29 
     PFF
3
 
-0.012 0.057 0.015 -0.042 0.088 0.035 
0.81 0.25 0.77 0.39 0.07 0.47 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined 
on ham steaks as the average of 4 measurements. Instrumental color of the loin was 
determined as the average of 2 measurements the ventral surface of the loin. 
3



































Weight, 1 d 
0.750 0.727 -0.123 0.732 -0.126 0.744 -0.133 0.729 0.730 0.015 
<0.0001 <0.0001 0.01 <0.0001 0.01 <0.0001 0.01 <0.0001 <0.0001 0.76 
Pre-trim weight 
0.722 0.699 -0.120 0.705 -0.118 0.713 -0.137 0.708 0.708 0.020 
<0.0001 <0.0001 0.01 <0.0001 0.01 <0.0001 <0.01 <0.0001 <0.0001 0.68 
Post-trim weight 
0.799 0.786 -0.070 0.790 -0.071 0.799 -0.100 0.780 0.781 0.027 
<0.0001 <0.0001 0.14 <0.0001 0.13 <0.0001 0.04 <0.0001 <0.0001 0.57 
Inside weight 
0.899 0.888 -0.042 0.892 -0.040 0.891 -0.120 0.872 0.871 0.049 
<0.0001 <0.0001 0.37 <0.0001 0.40 <0.0001 0.01 <0.0001 <0.0001 0.30 
Outside weight 
0.927 0.905 -0.097 0.909 -0.107 0.909 -0.176 0.890 0.889 -0.002 
<0.0001 <0.0001 0.04 <0.0001 0.02 <0.0001 <0.01 <0.0001 <0.0001 0.97 
Knuckle weight 
0.786 0.752 -0.162 0.759 -0.162 0.755 -0.219 0.744 0.743 -0.041 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.40 
Shank weight 
0.460 0.461 -0.001 0.464 0.005 0.477 -0.015 0.468 0.467 0.068 
<0.0001 <0.0001 0.99 <0.0001 0.92 <0.0001 0.76 <0.0001 <0.0001 0.15 
Lite butt weight 
0.335 0.340 -0.004 0.337 -0.022 0.342 -0.081 0.331 0.330 -0.025 
<0.0001 <0.0001 0.93 <0.0001 0.65 <0.0001 0.09 <0.0001 <0.0001 0.61 
Gluteus profundus 
          
 
     L* 
-0.073 -0.061 0.073 -0.070 0.041 -0.077 0.007 -0.096 -0.095 -0.109 
0.13 0.21 0.13 0.15 0.39 0.11 0.88 0.05 0.05 0.03 
 
     a* 
0.064 0.051 -0.060 0.053 -0.055 0.058 -0.002 0.071 0.068 0.005 
0.19 0.29 0.22 0.27 0.25 0.23 0.97 0.14 0.16 0.93 
 
     b* 
0.015 0.010 -0.013 0.009 -0.019 0.000 -0.035 0.005 0.001 -0.092 





































          
 
     L* 
0.017 0.007 -0.028 0.000 -0.065 -0.005 -0.065 -0.019 -0.022 -0.147 
0.73 0.89 0.56 0.99 0.18 0.91 0.18 0.70 0.66 <0.01 
 
     a* 
-0.143 -0.124 0.060 -0.130 0.040 -0.120 0.060 -0.127 -0.127 -0.029 
<0.01 0.01 0.22 0.01 0.41 0.01 0.22 0.01 0.01 0.56 
 
     b* 
0.005 0.000 -0.029 -0.003 -0.050 0.007 -0.014 0.014 0.012 -0.051 
0.92 1.00 0.55 0.94 0.31 0.88 0.77 0.78 0.80 0.29 
Semimembranosus 
          
 
     L* 
-0.105 -0.091 0.071 -0.091 0.081 -0.076 0.118 -0.097 -0.095 -0.003 
0.03 0.06 0.14 0.05 0.09 0.11 0.01 0.04 0.05 0.95 
 
     a* 
-0.041 -0.051 -0.044 -0.056 -0.079 -0.041 -0.064 -0.045 -0.046 -0.072 
0.39 0.28 0.35 0.24 0.10 0.39 0.18 0.35 0.33 0.13 
 
     b* 
-0.047 -0.032 0.088 -0.037 0.074 -0.008 0.134 -0.043 -0.043 0.011 




          
 
     L* 
-0.128 -0.105 0.109 -0.106 0.121 -0.097 0.122 -0.110 -0.111 0.053 
0.01 0.03 0.02 0.02 0.01 0.04 0.01 0.02 0.02 0.27 
 
     a* 
-0.042 -0.050 -0.045 -0.052 -0.063 -0.045 -0.066 -0.046 -0.047 -0.099 
0.38 0.30 0.34 0.28 0.19 0.35 0.17 0.34 0.32 0.04 
 
     b* 
-0.103 -0.102 -0.005 -0.102 -0.006 -0.096 -0.031 -0.113 -0.114 -0.061 





































         
 
     L* 
-0.182 -0.176 0.041 -0.178 0.041 -0.198 0.015 -0.198 -0.198 -0.030 
<0.01 <0.01 0.39 <0.01 0.38 <0.0001 0.75 <0.0001 <0.0001 0.54 
 
     a* 
-0.064 -0.082 -0.090 -0.079 -0.088 -0.044 -0.054 -0.041 -0.043 -0.070 
0.18 0.08 0.06 0.09 0.06 0.35 0.26 0.40 0.38 0.15 
 
     b* 
-0.239 -0.256 -0.071 -0.253 -0.062 -0.252 -0.048 -0.243 -0.242 -0.063 
<0.0001 <0.0001 0.13 <0.0001 0.19 <0.0001 0.32 <0.0001 <0.0001 0.19 
Semitendinosus, dark 
         
 
     L* 
-0.136 -0.147 -0.055 -0.149 -0.072 -0.168 -0.123 -0.168 -0.171 -0.151 
<0.01 <0.01 0.25 <0.01 0.13 <0.01 0.01 <0.01 <0.01 <0.01 
 
     a* 
-0.045 -0.038 0.025 -0.040 0.023 -0.024 0.086 -0.039 -0.037 0.010 
0.34 0.42 0.60 0.40 0.62 0.62 0.07 0.41 0.45 0.84 
 
     b* 
-0.107 -0.119 -0.059 -0.121 -0.077 -0.124 -0.078 -0.154 -0.153 -0.186 
0.02 0.01 0.21 0.01 0.11 0.01 0.11 <0.01 <0.01 <0.01 
Biceps femoris 
          
 
     L* 
-0.019 -0.016 0.037 -0.015 0.047 -0.005 0.079 -0.011 -0.012 0.045 
0.70 0.74 0.43 0.75 0.33 0.91 0.10 0.83 0.80 0.35 
 
     a* 
-0.068 -0.063 -0.001 -0.070 -0.039 -0.054 -0.028 -0.078 -0.078 -0.116 
0.15 0.19 0.98 0.14 0.42 0.26 0.57 0.10 0.10 0.02 
 
     b* 
-0.089 -0.080 0.026 -0.088 -0.008 -0.056 0.083 -0.084 -0.085 -0.045 





































          
 
     L* 
-0.113 -0.086 0.107 -0.091 0.103 -0.088 0.079 -0.070 -0.068 0.043 
0.02 0.07 0.02 0.06 0.03 0.06 0.10 0.14 0.16 0.37 
 
     a* 
-0.049 -0.068 -0.081 -0.070 -0.102 -0.065 -0.077 -0.073 -0.075 -0.116 
0.30 0.15 0.09 0.14 0.03 0.17 0.11 0.13 0.12 0.02 
 
     b* 
0.017 0.017 -0.014 0.019 -0.006 0.020 -0.034 0.030 0.031 -0.057 
0.71 0.72 0.76 0.69 0.89 0.67 0.47 0.53 0.51 0.24 
Rectus femoris 
          
 
     L* 
0.000 0.017 0.089 0.016 0.095 0.017 0.083 0.037 0.035 0.115 
0.99 0.72 0.06 0.74 0.05 0.73 0.08 0.44 0.46 0.02 
 
     a* 
-0.049 -0.060 -0.067 -0.064 -0.101 -0.057 -0.062 -0.078 -0.078 -0.137 
0.30 0.21 0.16 0.18 0.03 0.23 0.19 0.10 0.10 <0.01 
 
     b* 
0.160 0.146 -0.044 0.150 -0.036 0.144 -0.034 0.148 0.145 -0.004 





































          
 
Semimembranosus 
0.041 0.038 0.000 0.038 0.002 0.010 -0.070 0.029 0.030 -0.020 
0.39 0.43 0.99 0.42 0.97 0.83 0.15 0.55 0.53 0.68 
 
Adductor 
0.037 0.040 0.037 0.040 0.040 0.018 -0.014 0.045 0.047 0.036 




0.040 0.048 0.067 0.045 0.062 0.033 0.028 0.060 0.064 0.091 




0.036 0.058 0.109 0.055 0.111 0.048 0.081 0.073 0.077 0.135 
0.45 0.22 0.02 0.25 0.02 0.31 0.09 0.13 0.11 <0.01 
 
Biceps femoris 
0.007 0.023 0.084 0.019 0.082 0.006 0.034 0.025 0.028 0.054 
0.88 0.64 0.08 0.68 0.08 0.89 0.48 0.60 0.56 0.26 
 
Vastus lateralis 
-0.002 0.017 0.101 0.014 0.103 0.010 0.069 0.018 0.023 0.068 
0.97 0.72 0.03 0.77 0.03 0.84 0.15 0.70 0.63 0.15 
 
Rectus femoris 
-0.016 0.011 0.118 0.009 0.125 0.009 0.097 0.020 0.024 0.107 
0.74 0.82 0.01 0.86 0.01 0.85 0.04 0.67 0.62 0.03 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 





Table F.15. Cold season population Pearson correlation coefficients of fresh ham traits with processed ham  color, 









Variable L* a* b* 
Moisture, 





Weight, 1 d 
0.137 -0.110 0.042 -0.095 -0.024 0.064 -0.007 0.012 
<0.01 0.02 0.39 0.05 0.62 0.18 0.88 0.80 
Pre-trim weight 
0.109 -0.085 0.047 -0.078 -0.034 0.083 -0.025 -0.001 
0.02 0.08 0.33 0.11 0.47 0.08 0.60 0.99 
Post-trim weight 
0.138 -0.127 0.003 -0.108 0.051 -0.053 0.028 0.010 
<0.01 0.01 0.95 0.03 0.29 0.27 0.57 0.84 
Inside weight 
0.094 -0.108 -0.036 -0.129 0.131 -0.146 0.061 0.014 
0.05 0.02 0.45 0.01 0.01 <0.01 0.20 0.78 
Outside weight 
0.110 -0.075 0.053 -0.090 -0.029 0.061 0.000 0.019 
0.02 0.12 0.27 0.06 0.54 0.20 1.00 0.69 
Knuckle weight 
0.136 -0.108 0.021 -0.106 0.144 -0.188 0.121 0.065 
<0.01 0.02 0.66 0.03 <0.01 <0.0001 0.01 0.17 
Shank weight 
0.079 -0.061 0.010 0.027 -0.033 0.081 -0.069 -0.047 
0.10 0.21 0.84 0.58 0.49 0.09 0.15 0.33 
Lite butt weight 
0.122 -0.091 -0.021 -0.034 0.051 -0.061 0.009 -0.011 
0.01 0.06 0.67 0.49 0.29 0.20 0.85 0.81 
Gluteus profundus 
       
 
     L* 
0.121 0.010 0.028 0.030 -0.032 0.034 -0.071 -0.065 
0.01 0.84 0.57 0.54 0.52 0.48 0.14 0.18 
 
     a* 
-0.075 0.122 0.049 -0.010 -0.022 0.011 0.032 0.039 
0.13 0.01 0.31 0.84 0.65 0.81 0.51 0.42 
 
     b* 
-0.024 0.106 0.043 -0.007 -0.092 0.104 -0.061 -0.030 






Table F.15. Continued. Cold season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 




Variable L* a* b* 
Moisture, 






       
 
     L* 
0.226 -0.082 0.106 0.082 -0.109 0.072 -0.010 0.015 
<0.0001 0.09 0.03 0.10 0.02 0.14 0.84 0.75 
 
     a* 
-0.055 0.153 0.052 -0.026 -0.124 0.101 -0.019 0.016 
0.26 <0.01 0.28 0.60 0.01 0.04 0.70 0.75 
 
     b* 
0.020 0.078 0.092 0.021 -0.177 0.169 -0.052 0.003 
0.68 0.11 0.06 0.67 <0.01 <0.01 0.29 0.95 
Semimembranosus 
       
 
     L* 
0.062 -0.082 0.043 -0.065 -0.055 0.011 0.043 0.051 
0.20 0.09 0.37 0.18 0.25 0.82 0.37 0.29 
 
     a* 
-0.104 0.211 0.180 0.027 -0.171 0.170 -0.048 0.006 
0.03 <0.0001 <0.01 0.58 <0.01 <0.01 0.32 0.90 
 
     b* 
0.074 0.006 0.116 -0.014 -0.097 0.092 -0.039 -0.008 
0.13 0.90 0.02 0.77 0.04 0.05 0.42 0.86 
Adductor 
        
 
     L* 
0.173 -0.225 -0.076 0.039 -0.031 0.118 -0.145 -0.115 
<0.01 <0.0001 0.11 0.43 0.52 0.01 <0.01 0.02 
 
     a* 
-0.141 0.190 0.168 -0.027 -0.052 -0.019 0.082 0.082 
<0.01 <0.0001 <0.01 0.59 0.27 0.70 0.09 0.09 
 
     b* 
0.027 -0.066 0.075 0.044 -0.088 0.083 -0.005 0.022 






Table F.15. Continued. Cold season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 




Variable L* a* b* 
Moisture, 






       
 
     L* 
0.099 -0.058 -0.013 -0.013 -0.132 0.080 0.023 0.052 
0.04 0.23 0.79 0.79 0.01 0.09 0.64 0.28 
 
     a* 
-0.091 0.224 0.176 -0.015 -0.072 0.183 -0.155 -0.103 
0.06 <0.0001 <0.01 0.75 0.13 <0.01 <0.01 0.03 
 
     b* 
0.020 0.091 0.092 -0.038 -0.170 0.194 -0.073 -0.012 
0.68 0.06 0.06 0.44 <0.01 <0.0001 0.13 0.81 
Semitendinosus, dark 
       
 
     L* 
0.197 -0.126 0.036 0.015 -0.111 0.175 -0.112 -0.060 
<0.0001 0.01 0.46 0.76 0.02 <0.01 0.02 0.21 
 
     a* 
-0.031 0.110 0.048 -0.074 -0.133 0.115 0.007 0.048 
0.52 0.02 0.32 0.13 0.01 0.02 0.89 0.32 
 
     b* 
0.127 -0.005 0.119 -0.104 -0.217 0.195 -0.007 0.061 
0.01 0.91 0.01 0.03 <0.0001 <0.0001 0.89 0.21 
Biceps femoris 
       
 
     L* 
0.064 -0.080 -0.013 -0.095 -0.014 0.011 -0.013 -0.008 
0.19 0.10 0.78 0.05 0.76 0.82 0.78 0.86 
 
     a* 
-0.055 0.227 0.209 -0.002 -0.228 0.181 0.025 0.087 
0.25 <0.0001 <0.0001 0.97 <0.0001 <0.01 0.60 0.07 
 
     b* 
0.040 0.100 0.139 -0.044 -0.170 0.109 0.015 0.055 






Table F.15. Continued. Cold season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 




Variable L* a* b* 
Moisture, 






      
 
     L* 
0.102 -0.110 0.057 -0.033 -0.074 0.109 -0.069 -0.037 
0.03 0.02 0.23 0.50 0.12 0.02 0.15 0.44 
 
     a* 
-0.097 0.213 0.164 0.042 -0.114 0.081 0.023 0.056 
0.04 <0.0001 <0.01 0.38 0.02 0.09 0.63 0.25 
 
     b* 
-0.068 0.109 0.212 0.023 -0.138 0.091 0.046 0.082 
0.16 0.02 <0.0001 0.63 <0.01 0.06 0.34 0.09 
Rectus femoris 
      
 
     L* 
0.060 -0.076 0.015 -0.026 -0.011 0.083 -0.131 -0.113 
0.21 0.11 0.76 0.59 0.82 0.08 0.01 0.02 
 
     a* 
-0.063 0.194 0.170 0.061 -0.092 0.049 0.053 0.074 
0.19 <0.0001 <0.01 0.21 0.06 0.30 0.27 0.12 
 
     b* 
-0.048 0.100 0.122 0.092 -0.006 -0.011 0.011 0.007 






Table F.15. Continued. Cold season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2 




Variable L* a* b* 
Moisture, 




        
 
Semimembranosus 
-0.084 0.066 -0.066 -0.050 -0.004 0.079 -0.109 -0.091 
0.08 0.17 0.17 0.30 0.94 0.10 0.02 0.06 
 
Adductor 
-0.035 -0.009 -0.112 -0.015 -0.009 0.101 -0.132 -0.108 




-0.090 -0.021 -0.120 -0.025 0.016 0.090 -0.142 -0.123 




-0.132 -0.006 -0.142 0.037 0.011 0.085 -0.130 -0.112 
0.01 0.90 <0.01 0.45 0.82 0.08 0.01 0.02 
 
Biceps femoris 
-0.064 0.000 -0.116 -0.007 -0.017 0.099 -0.121 -0.097 
0.19 1.00 0.02 0.89 0.72 0.04 0.01 0.04 
 
Vastus lateralis 
-0.071 -0.016 -0.129 0.014 0.020 0.041 -0.090 -0.084 
0.14 0.74 0.01 0.78 0.67 0.40 0.06 0.08 
 
Rectus femoris 
-0.046 -0.025 -0.143 0.038 0.039 0.009 -0.049 -0.051 
0.34 0.60 <0.01 0.44 0.42 0.85 0.31 0.29 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris 
(proximal face). Instrumental color cured ham was determined on as the average of 4 measurements on a ham steak. 
3





Table F.16. Cold season population Pearson correlation coefficients of loin pH, 















0.103 -0.154 0.039 0.080 -0.090 -0.027 
0.04 <0.0001 0.41 0.10 0.06 0.57 
pH, 31 
min   
-0.118 0.033 0.059 0.062 0.236 
 
0.02 0.52 0.24 0.22 <0.0001 
pH, 1 d   
0.400 -0.488 -0.421 -0.279 
  
<0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d    
-0.346 -0.518 -0.262 
   




    
0.565 0.500 





     
0.529 
     
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2





Table F.17. Cold season population Pearson correlation coefficients of loin color, marbling, and firmness
1,2 
 
      











20 d L* a* b* L* a* b* 
Color, 1 
d 
0.509 0.292 0.389 0.203 0.028 -0.450 0.286 -0.240 -0.443 0.210 -0.026 
<0.0001 <0.0001 <0.0001 <0.0001 0.56 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.59 
Marbling, 
1 d  
0.352 0.241 0.564 0.097 0.051 0.160 0.126 -0.089 0.044 0.110 
 
<0.0001 <0.0001 <0.0001 0.04 0.01 <0.0001 <0.0001 0.06 0.35 0.02 
Firmness, 
1 d   
0.157 0.258 0.138 -0.119 0.012 0.027 0.139 0.055 -0.196 
  
<0.01 <0.0001 <0.01 0.01 0.80 0.56 <0.0001 0.01 <0.0001 
Color, 20 
d    
0.239 0.073 -0.371 0.214 -0.213 -0.656 0.084 -0.322 
   
<0.0001 0.12 <0.0001 <0.0001 <0.0001 <0.0001 0.08 <0.0001 
Marbling, 
20 d     
0.139 0.135 0.136 0.214 -0.045 -0.021 0.048 
    
<0.01 <0.01 <0.01 <0.0001 0.34 0.66 0.32 
Firmness, 
20 d      
-0.031 0.133 0.125 -0.088 0.078 0.014 
     
0.52 0.01 0.01 0.06 0.10 0.77 
1 d 
           
     L*       
-0.201 0.667 0.529 -0.204 0.192 
      
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a*        
0.414 -0.206 0.525 0.322 
       
<0.0001 <0.0001 <0.0001 <0.0001 
     b*         
0.341 0.112 0.416 
        
<0.0001 0.02 <0.0001 
20 d 
           
     L*          
-0.316 0.365 
         
<0.0001 <0.0001 
     a* 
          
0.649 
          
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow color). Instrumental loin color was determined as the average of 2 





Table F.18. Cold season population Pearson correlation 
coefficients of carcass composition with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2
 






-0.351 -0.687 0.181 0.669 




-0.361 -0.669 0.183 0.653 




-0.327 -0.718 0.216 0.706 
<0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.281 0.617 -0.172 -0.603 
<0.0001 <0.0001 <0.01 <0.0001 
MUFA 
0.119 0.264 -0.077 -0.257 
0.01 <0.0001 0.13 <0.0001 
PUFA 
-0.323 -0.708 0.199 0.691 
<0.0001 <0.0001 <0.0001 <0.0001 
USFA:SFA 
-0.291 -0.611 0.162 0.595 
<0.0001 <0.0001 <0.01 <0.0001 
PUFA:SFA 
-0.341 -0.721 0.196 0.702 
<0.0001 <0.0001 <0.01 <0.0001 
C 14:0, % 
0.134 0.187 0.214 -0.093 
<0.01 <0.01 <0.0001 0.07 
C 15:0, % 
-0.093 -0.304 0.142 0.316 
0.05 <0.0001 <0.01 <0.0001 
C 16:0, % 
0.282 0.598 -0.090 -0.558 
<0.0001 <0.0001 0.08 <0.0001 
C 16:1, % 
-0.087 -0.074 0.171 0.125 
0.07 0.14 <0.01 0.01 
C 17:0, % 
-0.183 -0.315 0.042 0.291 
<0.01 <0.0001 0.41 <0.0001 
C 17:1, % 
-0.134 -0.139 -0.022 0.118 
<0.01 0.01 0.66 0.02 
C 18:0, % 
0.224 0.517 -0.252 -0.542 
<0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
0.144 0.280 -0.093 -0.277 
<0.01 <0.0001 0.07 <0.0001 
C 18:2 n6, 
% 
-0.323 -0.707 0.203 0.692 
<0.0001 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
0.087 -0.222 0.123 0.238 






Table F.18. Continued. Cold season population Pearson 
correlation coefficients of carcass composition with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
 
Variable HCW BF LD 
Percent 
Lean 
C 18:3 n3, 
% 
0.237 -0.660 0.266 0.672 
<0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
-0.151 0.317 -0.162 -0.334 
<0.01 <0.0001 <0.01 <0.0001 
C 20:1 n9, 
% 
-0.168 0.286 -0.242 -0.332 
<0.01 <0.0001 <0.0001 <0.0001 
C 20:2 n6, 
% 
0.073 -0.407 -0.038 0.349 
0.13 <0.0001 0.45 <0.0001 
C 20:3 n6, 
% 
0.158 -0.506 0.133 0.490 
<0.01 <0.0001 0.01 <0.0001 
C 20:4 n6, 
% 
0.173 -0.505 0.095 0.476 
<0.01 <0.0001 0.06 <0.0001 
C 20:3 n3, 
% 
0.072 -0.279 0.042 0.262 
0.13 <0.0001 0.41 <0.0001 
C 20:5 n3, 
%
3 
- - - - 
- - - - 
C 22:0, %
3 
- - - - 
- - - - 
C 22:1 n9, 
%
3 
- - - - 
- - - - 
C 22:4 n6, 
% 
0.099 0.008 -0.102 -0.043 
0.04 0.87 0.04 0.40 
C 22:5, % 
-0.075 -0.112 -0.028 0.091 
0.12 0.03 0.58 0.07 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = 
saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to 
saturated fatty acids. 
3 
Fatty Acids not present at detectable levels in the cold 







Table F.19. Cold season population Pearson correlation coefficients of loin weight, pH, water 




















0.215 0.121 -0.138 -0.118 0.440 0.307 0.421 




0.192 0.065 -0.123 -0.139 0.395 0.212 0.212 




0.213 0.166 -0.209 -0.033 0.438 0.316 0.444 
<0.0001 <0.01 <0.0001 0.50 <0.0001 <0.0001 <0.0001 
SFA 
-0.145 -0.156 0.236 0.023 -0.407 -0.306 -0.430 
<0.01 <0.01 <0.0001 0.64 <0.0001 <0.0001 <0.0001 
MUFA 
-0.155 0.008 -0.070 0.056 -0.103 -0.046 -0.054 
<0.01 0.87 0.14 0.25 0.03 0.34 0.26 
PUFA 
0.234 0.125 -0.143 -0.060 0.406 0.286 0.393 
<0.0001 0.01 <0.01 0.21 <0.0001 <0.0001 <0.0001 
USFA:SFA 
0.126 0.149 -0.227 -0.015 0.403 0.296 0.430 
0.01 <0.01 <0.0001 0.76 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
0.202 0.142 -0.185 -0.047 0.439 0.312 0.441 
<0.0001 0.01 <0.0001 0.33 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.059 0.155 -0.182 0.110 -0.023 -0.108 -0.079 
0.22 <0.01 <0.01 0.02 0.64 0.03 0.10 
C 15:0, % 
0.166 0.072 -0.120 0.044 0.195 0.083 0.160 
<0.01 0.16 0.01 0.37 <0.0001 0.09 <0.01 
C 16:0, % 
-0.127 -0.110 0.195 0.048 -0.366 -0.312 -0.385 
0.01 0.03 <0.0001 0.31 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.052 0.122 -0.133 0.060 0.064 -0.002 0.131 
0.28 0.02 0.01 0.21 0.18 0.97 0.01 
C 17:0, % 
0.053 0.026 -0.056 -0.113 0.198 0.166 0.185 
0.27 0.61 0.24 0.02 <0.0001 <0.01 <0.01 
C 17:1, % 
-0.011 -0.129 0.058 -0.189 0.130 0.033 0.092 
0.82 0.01 0.23 <0.0001 0.01 0.49 0.06 
C 18:0, % 
-0.145 -0.192 0.255 -0.013 -0.377 -0.237 -0.394 
<0.01 <0.01 <0.0001 0.78 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
-0.139 0.008 -0.058 0.063 -0.122 -0.046 -0.080 
<0.01 0.88 0.23 0.19 0.01 0.34 0.10 
C 18:2 n6, 
% 
0.234 0.125 -0.138 -0.058 0.399 0.281 0.390 
<0.0001 0.01 <0.01 0.23 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
0.087 0.148 -0.022 0.083 0.106 0.025 0.112 






Table F.19. Continued. Cold season population Pearson correlation coefficients of loin 
weight, pH, water holding capacity, and slice shear force with iodine value and Fatty Acid 
















C 18:3 n3, 
% 
0.237 0.207 -0.234 -0.016 0.453 0.274 0.385 
<0.0001 <0.0001 <0.0001 0.73 <0.0001 <0.0001 <0.0001 
C 20:0, % 
-0.151 -0.131 0.205 -0.006 -0.271 -0.222 -0.240 
<0.01 0.01 <0.0001 0.90 <0.0001 <0.0001 <0.0001 
C 20:1 n9, 
% 
-0.168 -0.201 0.086 0.001 -0.116 -0.070 -0.128 
<0.01 <0.0001 0.07 0.98 0.02 0.15 0.01 
C 20:2 n6, 
% 
0.073 -0.092 -0.045 -0.081 0.265 0.214 0.231 
0.13 0.07 0.35 0.09 <0.0001 <0.0001 <0.0001 
C 20:3 n6, 
% 
0.158 0.101 -0.134 -0.077 0.335 0.264 0.304 
<0.01 0.05 <0.01 0.11 <0.0001 <0.0001 <0.0001 
C 20:4 n6, 
% 
0.173 0.131 -0.128 -0.165 0.255 0.233 0.251 
<0.01 0.01 0.01 <0.01 <0.0001 <0.0001 <0.0001 
C 20:3 n3, 
% 
0.072 0.062 -0.142 0.048 0.240 0.163 0.219 
0.13 0.22 <0.01 0.32 <0.0001 <0.01 <0.0001 




- - - - - - - 




- - - - - - - 
- - - - - - - 




- - - - - - - 
- - - - - - - 
C 22:4 n6, 
% 
0.072 -0.018 -0.058 -0.127 -0.017 0.071 -0.024 
0.13 0.72 0.22 0.01 0.73 0.14 0.62 
C 22:5, % 
0.029 0.068 0.036 0.017 0.060 -0.016 0.055 
0.54 0.18 0.45 0.73 0.21 0.74 0.25 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio of 
polyunsaturated fatty acids to saturated fatty acids. 
3
 SSF = slice shear force. 
4 





Table F.20. Cold season population Pearson correlation coefficients of subjective 




















-0.256 -0.452 -0.191 -0.107 -0.435 -0.067 




-0.248 -0.437 -0.196 -0.052 -0.385 -0.007 




-0.392 -0.516 -0.311 -0.159 -0.419 -0.013 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.79 
SFA 
0.383 0.455 0.345 0.175 0.379 -0.019 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.69 
MUFA 
0.012 0.147 -0.081 -0.044 0.121 0.080 
0.80 <0.01 0.09 0.36 0.01 0.10 
PUFA 
-0.325 -0.485 -0.224 -0.111 -0.402 -0.044 
<0.0001 <0.0001 <0.0001 0.02 <0.0001 0.36 
USFA:SFA 
-0.380 -0.449 -0.350 -0.173 -0.366 0.015 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.76 
PUFA:SFA 
-0.372 -0.507 -0.294 -0.144 -0.418 -0.027 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.58 
C 14:0, % 
-0.053 0.040 0.084 -0.015 0.180 0.060 
0.27 0.41 0.08 0.76 <0.01 0.21 
C 15:0, % 
-0.165 -0.169 -0.035 -0.032 -0.136 -0.084 
<0.01 <0.01 0.46 0.51 <0.01 0.08 
C 16:0, % 
0.322 0.411 0.306 0.166 0.383 -0.026 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.59 
C 16:1, % 
-0.199 -0.103 -0.114 -0.080 0.017 -0.032 
<0.0001 0.03 0.02 0.10 0.73 0.50 
C 17:0, % 
-0.148 -0.191 -0.069 -0.122 -0.222 -0.179 
<0.01 <0.0001 0.15 0.01 <0.0001 <0.01 
C 17:1, % 
-0.032 -0.079 0.073 0.050 -0.179 -0.122 
0.51 0.10 0.13 0.30 <0.01 0.01 
C 18:0, % 
0.385 0.419 0.309 0.159 0.297 0.000 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 1.00 
C 18:1 n9, 
% 
0.041 0.161 -0.076 -0.038 0.130 0.097 
0.39 <0.01 0.11 0.44 0.01 0.04 
C 18:2 n6, 
% 
-0.322 -0.483 -0.221 -0.113 -0.401 -0.048 
<0.0001 <0.0001 <0.0001 0.02 <0.0001 0.32 
C 18:3 n6, 
% 
-0.175 -0.204 -0.101 0.037 -0.075 -0.090 






Table F.20. Continued. Cold season population Pearson correlation coefficients of 
subjective loin color, marbling, and firmness scores with iodine value and Fatty Acid 
















C 18:3 n3, 
% 
-0.438 -0.525 -0.291 -0.123 -0.366 0.016 
<0.0001 <0.0001 <0.0001 0.01 <0.0001 0.74 
C 20:0, % 
0.284 0.308 0.216 0.117 0.153 -0.014 
<0.0001 <0.0001 <0.0001 0.02 <0.01 0.76 
C 20:1 n9, 
% 
0.192 0.279 0.139 0.048 0.121 0.032 
<0.0001 <0.0001 <0.01 0.32 0.01 0.51 
C 20:2 n6, 
% 
-0.097 -0.178 -0.054 0.018 -0.251 0.004 
0.04 <0.01 0.26 0.72 <0.0001 0.93 
C 20:3 n6, 
% 
-0.264 -0.382 -0.266 -0.093 -0.310 -0.006 
<0.0001 <0.0001 <0.0001 0.05 <0.0001 0.90 
C 20:4 n6, 
% 
-0.208 -0.373 -0.224 -0.152 -0.250 -0.011 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 0.81 
C 20:3 n3, 
% 
-0.133 -0.193 -0.138 -0.023 -0.158 0.044 
0.01 <0.0001 <0.01 0.63 <0.01 0.36 




- - - - - - 




- - - - - - 
- - - - - - 




- - - - - - 
- - - - - - 
C 22:4 n6, 
% 
0.106 0.058 0.069 -0.023 0.022 -0.054 
0.03 0.23 0.15 0.63 0.64 0.26 
C 22:5, % 
-0.089 -0.092 -0.051 0.027 -0.017 -0.022 
0.06 0.05 0.29 0.58 0.72 0.65 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio 
of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 
ratio of polyunsaturated fatty acids to saturated fatty acids. 
3 





Table F.21. Cold season population Pearson correlation coefficients of 














-0.237 -0.179 -0.333 0.010 -0.093 -0.217 




-0.211 -0.176 -0.321 -0.018 -0.064 -0.201 




-0.110 -0.200 -0.205 0.044 -0.100 -0.167 
0.02 <0.0001 <0.0001 0.36 0.04 <0.01 
SFA 
0.052 0.197 0.123 -0.060 0.068 0.094 
0.28 <0.0001 0.01 0.22 0.16 0.05 
MUFA 
0.145 0.015 0.215 0.039 0.074 0.179 
<0.01 0.75 <0.0001 0.42 0.13 <0.01 
PUFA 
-0.151 -0.172 -0.261 0.020 -0.111 -0.211 
<0.01 <0.01 <0.0001 0.67 0.02 <0.0001 
USFA:SFA 
-0.058 -0.194 -0.129 0.053 -0.066 -0.099 
0.23 <0.0001 0.01 0.27 0.17 0.04 
PUFA:SFA 
-0.128 -0.193 -0.231 0.032 -0.099 -0.184 
0.01 <0.0001 <0.0001 0.51 0.04 <0.01 
C 14:0, % 
0.030 0.032 0.090 0.081 -0.056 0.038 
0.53 0.51 0.06 0.09 0.24 0.43 
C 15:0, % 
-0.028 -0.062 -0.095 0.021 -0.108 -0.123 
0.56 0.20 0.05 0.66 0.02 0.01 
C 16:0, % 
0.037 0.174 0.092 -0.043 0.027 0.058 
0.44 <0.01 0.06 0.37 0.57 0.23 
C 16:1, % 
0.025 -0.081 -0.034 0.073 -0.166 -0.119 
0.60 0.09 0.48 0.13 <0.01 0.01 
C 17:0, % 
0.041 -0.144 -0.123 0.084 -0.131 -0.143 
0.40 <0.01 0.01 0.08 0.01 <0.01 
C 17:1, % 
-0.090 -0.025 -0.228 -0.047 -0.079 -0.200 
0.06 0.60 <0.0001 0.33 0.10 <0.0001 
C 18:0, % 
0.053 0.186 0.132 -0.078 0.113 0.122 
0.27 <0.01 0.01 0.10 0.02 0.01 
C 18:1 n9, 
% 
0.147 0.027 0.241 0.031 0.109 0.217 






Table F.21. Continued. Cold season population Pearson correlation coefficients of 









Variable L* a* b* L* a* b* 
C 18:2 n6, 
% 
-0.151 -0.171 -0.263 0.017 -0.111 -0.213 
<0.01 <0.01 <0.0001 0.73 0.02 <0.0001 
C 18:3 n6, 
% 
-0.034 -0.062 -0.061 0.010 -0.017 -0.061 
0.48 0.20 0.21 0.84 0.72 0.20 
C 18:3 n3, 
% 
-0.111 -0.163 -0.169 0.072 -0.112 -0.176 
0.02 <0.01 <0.01 0.13 0.02 <0.01 
C 20:0, % 
-0.043 0.159 -0.002 -0.097 0.067 0.017 
0.37 <0.01 0.96 0.04 0.17 0.73 
C 20:1 n9, 
% 
0.078 0.092 0.095 -0.001 0.050 0.095 
0.11 0.06 0.05 0.99 0.30 0.05 
C 20:2 n6, 
% 
-0.132 -0.073 -0.208 -0.020 -0.044 -0.129 
0.01 0.13 <0.0001 0.67 0.36 0.01 
C 20:3 n6, 
% 
-0.067 -0.152 -0.153 0.079 -0.068 -0.105 
0.16 <0.01 <0.01 0.10 0.16 0.03 
C 20:4 n6, 
% 
-0.071 -0.158 -0.145 0.066 -0.083 -0.117 
0.14 <0.01 <0.01 0.17 0.09 0.02 
C 20:3 n3, 
% 
-0.025 -0.048 -0.032 0.071 -0.040 -0.019 
0.60 0.33 0.50 0.14 0.41 0.70 




- - - - - - 




- - - - - - 
- - - - - - 




- - - - - - 
- - - - - - 
C 22:4 n6, 
% 
0.003 0.017 0.038 0.082 -0.077 -0.006 
0.95 0.73 0.44 0.09 0.11 0.91 
C 22:5, % 
0.001 -0.075 -0.036 -0.001 0.057 0.034 
0.98 0.12 0.46 0.99 0.23 0.47 
1 
Upper row is the correlation coefficient between traits. P-value for difference 
from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. 
MUFA = monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. 
USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental loin 
color was determined as the average of 2 measurements on the ventral surface of 
the loin. 
4 





Table F.22. Cold season population Pearson correlation coefficients of ham weights with iodine value and 

























-0.154 -0.116 0.108 0.216 0.138 0.145 -0.019 0.169 




-0.164 -0.103 0.103 0.203 0.137 0.145 -0.013 0.085 




-0.167 -0.153 0.072 0.192 0.099 0.088 -0.007 0.193 
<0.01 <0.01 0.13 <0.0001 0.04 0.07 0.88 <0.0001 
SFA 
0.159 0.146 -0.042 -0.124 -0.063 -0.047 0.004 -0.180 
<0.01 <0.01 0.39 0.01 0.19 0.33 0.93 <0.01 
MUFA 
0.018 0.017 -0.082 -0.176 -0.093 -0.112 0.001 -0.033 
0.71 0.73 0.09 <0.01 0.05 0.02 0.99 0.49 
PUFA 
-0.145 -0.133 0.093 0.231 0.120 0.120 -0.004 0.171 
<0.01 0.01 0.05 <0.0001 0.01 0.01 0.93 <0.01 
USFA:SFA 
-0.171 -0.152 0.027 0.107 0.049 0.031 -0.019 0.171 
<0.01 <0.01 0.57 0.03 0.31 0.52 0.69 <0.01 
PUFA:SFA 
-0.173 -0.156 0.067 0.194 0.097 0.085 -0.017 0.181 
<0.01 <0.01 0.16 <0.0001 0.04 0.08 0.73 <0.01 
C 14:0, % 
0.056 0.023 -0.023 -0.015 -0.019 -0.039 -0.047 -0.017 
0.24 0.63 0.64 0.75 0.70 0.42 0.33 0.72 
C 15:0, % 
-0.086 -0.093 0.014 0.054 0.041 0.032 -0.046 -0.030 
0.07 0.05 0.76 0.25 0.39 0.51 0.33 0.53 
C 16:0, % 
0.149 0.129 -0.052 -0.140 -0.068 -0.059 -0.043 -0.176 
<0.01 0.01 0.28 <0.01 0.15 0.22 0.36 <0.01 
C 16:1, % 
-0.087 -0.100 -0.080 -0.083 -0.087 -0.057 -0.115 0.016 
0.07 0.04 0.10 0.08 0.07 0.23 0.02 0.74 
C 17:0, % 
-0.126 -0.122 -0.032 0.016 -0.025 0.017 -0.049 0.013 
0.01 0.01 0.51 0.75 0.60 0.72 0.31 0.78 
C 17:1, % 
-0.046 -0.050 -0.006 0.053 0.021 0.101 -0.078 -0.045 
0.34 0.30 0.91 0.26 0.66 0.03 0.10 0.34 
C 18:0, % 
0.143 0.141 -0.017 -0.082 -0.040 -0.020 0.063 -0.144 
<0.01 <0.01 0.72 0.09 0.40 0.67 0.19 <0.01 
C 18:1 n9, 
% 
0.036 0.038 -0.065 -0.164 -0.080 -0.107 0.027 -0.026 
0.45 0.43 0.18 <0.01 0.09 0.02 0.57 0.58 
C 18:2 n6, 
% 
-0.145 -0.133 0.092 0.228 0.118 0.118 -0.007 0.170 
<0.01 0.01 0.05 <0.0001 0.01 0.01 0.88 <0.01 
C 18:3 n6, 
% 
-0.093 -0.086 -0.035 0.017 -0.006 0.022 -0.059 -0.013 






Table F.22. Continued. Cold season population Pearson correlation coefficients of ham weights with 






















C 18:3 n3, 
% 
-0.151 -0.138 0.070 0.213 0.123 0.112 -0.003 0.185 
<0.01 <0.01 0.15 <0.0001 0.01 0.02 0.95 <0.0001 
C 20:0, % 
0.048 0.049 -0.065 -0.087 -0.092 -0.100 -0.028 -0.126 
0.32 0.31 0.18 0.07 0.05 0.04 0.55 0.01 
C 20:1 n9, 
% 
0.038 0.025 -0.066 -0.094 -0.026 -0.095 0.017 -0.115 
0.43 0.60 0.17 0.05 0.58 0.05 0.72 0.02 
C 20:2 n6, 
% 
-0.045 -0.031 0.109 0.192 0.127 0.109 0.037 0.131 
0.34 0.52 0.02 <0.0001 0.01 0.02 0.43 0.01 
C 20:3 n6, 
% 
-0.129 -0.126 0.047 0.166 0.092 0.090 0.040 0.109 
0.01 0.01 0.32 <0.01 0.05 0.06 0.40 0.02 
C 20:4 n6, 
% 
-0.108 -0.116 0.025 0.151 0.021 0.049 0.035 0.065 
0.02 0.02 0.61 <0.01 0.66 0.31 0.46 0.18 
C 20:3 n3, 
% 
-0.050 -0.036 0.061 0.092 0.077 0.068 0.006 0.063 
0.29 0.45 0.20 0.05 0.11 0.15 0.90 0.19 




- - - - - - - - 




- - - - - - - - 
- - - - - - - - 




- - - - - - - - 
- - - - - - - - 
C 22:4 n6, 
% 
0.066 0.049 0.053 0.093 0.022 -0.009 0.043 -0.063 
0.16 0.31 0.27 0.05 0.64 0.84 0.37 0.18 
C 22:5, % 
-0.046 -0.055 -0.018 -0.015 -0.007 0.059 0.043 0.005 
0.34 0.25 0.70 0.75 0.88 0.22 0.37 0.92 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated 
fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + 
PUFA) to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3 





Table F.23. Cold season population Pearson correlation coefficients of gluteus profundus, gluteus medius, and 















0.066 -0.051 -0.099 0.073 -0.062 -0.129 0.026 -0.136 0.016 




0.079 -0.013 -0.075 0.082 -0.025 -0.105 -0.035 -0.032 0.034 




0.154 -0.039 -0.022 0.119 -0.018 -0.106 0.045 -0.081 0.024 
<0.01 0.42 0.64 0.01 0.70 0.03 0.35 0.09 0.62 
SFA 
-0.166 0.016 -0.044 -0.136 -0.032 0.044 -0.032 0.025 -0.048 
<0.01 0.74 0.36 <0.01 0.51 0.37 0.51 0.60 0.32 
MUFA 
0.046 0.050 0.166 0.064 0.116 0.158 -0.033 0.141 0.053 
0.34 0.30 <0.01 0.18 0.02 <0.01 0.49 <0.01 0.27 
PUFA 
0.106 -0.050 -0.086 0.068 -0.059 -0.153 0.051 -0.126 0.001 
0.03 0.30 0.08 0.16 0.22 <0.01 0.29 0.01 0.99 
USFA:SFA 
0.174 -0.015 0.049 0.139 0.035 -0.042 0.035 -0.033 0.040 
<0.01 0.75 0.31 <0.01 0.47 0.39 0.47 0.49 0.41 
PUFA:SFA 
0.144 -0.040 -0.037 0.101 -0.025 -0.121 0.047 -0.097 0.016 
<0.01 0.41 0.45 0.04 0.61 0.01 0.33 0.04 0.74 
C 14:0, % 
0.124 0.023 0.122 0.153 0.105 0.151 -0.014 0.147 0.093 
0.01 0.64 0.01 <0.01 0.03 <0.01 0.77 <0.01 0.05 
C 15:0, % 
0.064 -0.014 -0.087 0.062 0.001 -0.025 0.104 -0.153 0.011 
0.18 0.77 0.07 0.20 0.98 0.60 0.03 <0.01 0.82 
C 16:0, % 
-0.160 0.051 -0.015 -0.092 -0.046 0.045 -0.056 0.042 -0.023 
<0.01 0.29 0.76 0.06 0.35 0.35 0.24 0.38 0.63 
C 16:1, % 
0.062 0.057 0.051 0.089 0.077 0.006 -0.029 -0.043 -0.005 






Table F.23. Continued. Cold season population Pearson correlation coefficients of gluteus profundus, gluteus medius, 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.056 -0.028 -0.081 -0.045 -0.069 -0.158 0.107 -0.232 -0.055 
0.25 0.56 0.09 0.35 0.15 <0.01 0.03 <0.0001 0.25 
C 17:1, % 
-0.176 0.030 -0.158 -0.159 -0.106 -0.143 -0.013 -0.172 -0.050 
<0.01 0.54 <0.01 <0.01 0.03 <0.01 0.78 <0.01 0.30 
C 18:0, % 
-0.157 -0.024 -0.070 -0.165 -0.017 0.029 -0.008 0.006 -0.071 
<0.01 0.62 0.15 <0.01 0.73 0.55 0.87 0.91 0.14 
C 18:1 n9, 
% 
0.054 0.039 0.173 0.065 0.114 0.168 -0.027 0.164 0.058 
0.26 0.42 <0.01 0.18 0.02 <0.01 0.58 <0.01 0.23 
C 18:2 n6, 
% 
0.103 -0.050 -0.089 0.065 -0.066 -0.159 0.050 -0.132 -0.003 
0.03 0.30 0.06 0.18 0.17 <0.01 0.30 0.01 0.95 
C 18:3 n6, 
% 
0.001 0.025 -0.077 -0.015 0.069 -0.035 -0.049 -0.026 -0.050 
0.99 0.61 0.11 0.75 0.15 0.46 0.30 0.59 0.30 
C 18:3 n3, 
% 
0.152 -0.053 -0.018 0.148 -0.028 -0.057 0.050 -0.023 0.032 
<0.01 0.27 0.70 <0.01 0.57 0.24 0.30 0.63 0.50 
C 20:0, % 
-0.129 -0.034 -0.084 -0.191 -0.082 -0.040 -0.032 -0.007 -0.019 
0.01 0.48 0.08 <0.0001 0.09 0.41 0.50 0.89 0.70 
C 20:1 n9, 
% 
-0.045 -0.006 0.023 -0.032 -0.003 0.080 -0.015 0.046 0.018 
0.35 0.90 0.64 0.51 0.95 0.10 0.76 0.34 0.71 
C 20:2 n6, 
% 
0.057 -0.051 -0.060 0.017 -0.005 -0.060 0.025 -0.106 0.038 
0.24 0.29 0.21 0.73 0.91 0.22 0.60 0.03 0.43 
C 20:3 n6, 
% 
0.144 -0.052 0.024 0.099 0.023 -0.019 0.045 -0.026 -0.005 
<0.01 0.28 0.62 0.04 0.63 0.69 0.35 0.59 0.91 
C 20:4 n6, 
% 
0.079 -0.002 -0.011 0.027 0.002 -0.155 0.059 -0.025 -0.013 






Table F.23. Continued. Cold season population Pearson correlation coefficients of gluteus profundus, gluteus medius, 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
0.107 -0.023 0.062 0.081 0.158 0.088 0.036 0.065 0.059 
0.03 0.63 0.20 0.09 <0.01 0.07 0.45 0.17 0.22 




- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 
C 22:4 n6, 
% 
-0.005 0.058 0.025 -0.071 0.075 -0.055 0.043 0.017 0.023 
0.91 0.23 0.61 0.14 0.12 0.26 0.38 0.72 0.63 
C 22:5, % 
-0.028 0.008 -0.021 -0.021 0.055 0.074 0.010 0.073 0.036 
0.56 0.86 0.66 0.66 0.25 0.13 0.83 0.13 0.46 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh hams was determined on one measure per muscle. Instrumental color for the gluteus profundus and gluteus 
medius were measured on the ham face and instrumental color for the semimembranosus was measured on the blonde 
spot, medial side. 
4 





Table F.24. Cold season population Pearson correlation coefficients of adductor and semitendinosus light and dark 
portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2













-0.041 -0.015 -0.086 -0.137 -0.158 -0.268 -0.173 -0.106 -0.207 




-0.092 0.028 -0.084 -0.139 -0.132 -0.244 -0.148 -0.149 -0.239 




-0.052 0.011 -0.062 -0.106 -0.086 -0.200 -0.116 -0.107 -0.156 
0.28 0.82 0.20 0.03 0.07 <0.0001 0.02 0.03 <0.01 
SFA 
0.013 -0.043 -0.012 0.084 0.024 0.147 0.078 0.096 0.119 
0.78 0.38 0.79 0.08 0.62 <0.01 0.11 0.05 0.01 
MUFA 
0.084 0.075 0.175 0.063 0.159 0.148 0.114 0.031 0.111 
0.08 0.12 <0.01 0.19 <0.01 <0.01 0.02 0.52 0.02 
PUFA 
-0.074 -0.020 -0.119 -0.116 -0.137 -0.230 -0.147 -0.101 -0.178 
0.12 0.68 0.01 0.02 <0.01 <0.0001 <0.01 0.04 <0.01 
USFA:SFA 
-0.016 0.043 0.007 -0.085 -0.021 -0.143 -0.072 -0.101 -0.121 
0.73 0.37 0.89 0.08 0.66 <0.01 0.13 0.04 0.01 
PUFA:SFA 
-0.058 0.004 -0.082 -0.113 -0.099 -0.211 -0.128 -0.110 -0.172 
0.22 0.93 0.09 0.02 0.04 <0.0001 0.01 0.02 <0.01 
C 14:0, % 
-0.032 0.050 0.012 0.092 0.068 0.152 0.108 0.084 0.145 
0.51 0.30 0.81 0.05 0.16 <0.01 0.02 0.08 <0.01 
C 15:0, % 
-0.049 -0.059 -0.110 -0.030 -0.099 -0.127 -0.076 -0.004 -0.071 
0.31 0.22 0.02 0.53 0.04 0.01 0.11 0.93 0.14 
C 16:0, % 
0.017 -0.027 0.015 0.102 -0.003 0.142 0.091 0.096 0.129 
0.73 0.58 0.76 0.03 0.95 <0.01 0.06 0.05 0.01 
C 16:1, % 
0.031 0.025 0.066 0.061 -0.096 -0.019 0.016 0.003 0.015 






Table F.24. Continued. Cold season population Pearson correlation coefficients of adductor and semitendinosus light 
and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.032 -0.112 -0.130 -0.024 -0.170 -0.181 -0.123 -0.039 -0.103 
0.51 0.02 0.01 0.62 <0.01 <0.01 0.01 0.42 0.03 
C 17:1, % 
-0.007 -0.089 -0.072 -0.087 -0.240 -0.222 -0.192 -0.064 -0.201 
0.89 0.06 0.13 0.07 <0.0001 <0.0001 <0.0001 0.18 <0.0001 
C 18:0, % 
0.009 -0.046 -0.028 0.041 0.054 0.121 0.048 0.071 0.079 
0.85 0.33 0.56 0.39 0.26 0.01 0.32 0.14 0.10 
C 18:1 n9, 
% 
0.076 0.078 0.169 0.059 0.195 0.168 0.129 0.032 0.124 
0.11 0.10 <0.01 0.22 <0.0001 <0.01 0.01 0.51 0.01 
C 18:2 n6, 
% 
-0.073 -0.024 -0.120 -0.116 -0.141 -0.232 -0.149 -0.100 -0.180 
0.13 0.62 0.01 0.02 <0.01 <0.0001 <0.01 0.04 <0.01 
C 18:3 n6, 
% 
-0.086 -0.021 -0.153 -0.033 -0.115 -0.145 -0.037 -0.111 -0.116 
0.07 0.66 <0.01 0.49 0.02 <0.01 0.44 0.02 0.02 
C 18:3 n3, 
% 
-0.087 0.017 -0.073 -0.085 -0.083 -0.150 -0.072 -0.121 -0.124 
0.07 0.72 0.13 0.08 0.09 <0.01 0.13 0.01 0.01 
C 20:0, % 
0.020 -0.044 -0.034 0.023 -0.025 0.056 -0.031 0.050 -0.021 
0.68 0.36 0.47 0.63 0.60 0.24 0.52 0.30 0.66 
C 20:1 n9, 
% 
0.079 0.029 0.082 0.027 0.103 0.120 0.020 0.091 0.068 
0.10 0.55 0.09 0.57 0.03 0.01 0.68 0.06 0.16 
C 20:2 n6, 
% 
-0.040 -0.001 -0.065 -0.080 -0.070 -0.134 -0.120 -0.048 -0.095 
0.40 0.98 0.17 0.09 0.14 0.01 0.01 0.32 0.05 
C 20:3 n6, 
% 
-0.004 0.025 -0.042 -0.094 -0.027 -0.156 -0.090 -0.059 -0.116 
0.94 0.61 0.38 0.05 0.57 <0.01 0.06 0.22 0.02 
C 20:4 n6, 
% 
-0.005 0.043 -0.023 -0.073 -0.046 -0.130 -0.081 -0.068 -0.127 






Table F.24. Continued. Cold season population Pearson correlation coefficients of adductor and semitendinosus light 
and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
-0.037 0.047 0.003 -0.051 0.049 -0.051 0.030 -0.017 0.029 
0.43 0.33 0.94 0.29 0.31 0.29 0.53 0.73 0.55 




- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 
C 22:4 n6, 
% 
0.086 0.009 0.030 0.007 0.074 0.010 0.025 0.044 0.040 
0.07 0.85 0.53 0.88 0.13 0.83 0.60 0.36 0.41 
C 22:5, % 
-0.150 0.054 -0.091 -0.006 -0.035 -0.016 -0.041 -0.022 -0.077 
<0.01 0.26 0.06 0.91 0.46 0.74 0.39 0.65 0.11 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 
measured on: the adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur 
was removed, semitendinosus light (medial edge of the distal end). 
4 





Table F.25. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and rectus femoris 











Variable L* a* b* L* a* b* L* a* b* 
Bruker 
measured IV 
-0.046 -0.124 -0.099 -0.041 -0.078 -0.065 -0.049 -0.047 0.017 
0.34 0.01 0.04 0.39 0.10 0.17 0.30 0.32 0.72 
NitFOM 
measured IV 
-0.056 -0.066 -0.046 -0.033 -0.022 -0.023 -0.070 0.024 0.050 
0.28 0.21 0.38 0.53 0.67 0.65 0.18 0.64 0.33 
GC measured 
IV (AOCS) 
-0.046 -0.038 -0.015 -0.044 -0.025 -0.039 -0.047 0.013 0.045 
0.34 0.42 0.75 0.36 0.60 0.41 0.33 0.79 0.35 
SFA 
0.038 -0.037 -0.054 0.081 -0.025 0.029 0.056 -0.050 -0.041 
0.43 0.44 0.26 0.09 0.61 0.54 0.24 0.30 0.39 
MUFA 
0.021 0.176 0.163 -0.081 0.134 0.035 -0.018 0.098 0.002 
0.66 <0.01 <0.01 0.09 <0.01 0.47 0.71 0.04 0.97 
PUFA 
-0.047 -0.099 -0.075 -0.007 -0.079 -0.051 -0.032 -0.032 0.032 
0.33 0.04 0.12 0.89 0.10 0.29 0.50 0.51 0.50 
USFA:SFA 
-0.039 0.031 0.046 -0.080 0.028 -0.032 -0.055 0.046 0.037 
0.42 0.52 0.34 0.09 0.56 0.51 0.25 0.34 0.44 
PUFA:SFA 
-0.047 -0.055 -0.035 -0.035 -0.040 -0.045 -0.043 -0.002 0.037 
0.33 0.25 0.47 0.46 0.41 0.34 0.37 0.96 0.44 
C 14:0, % 
0.027 0.037 0.088 -0.040 0.112 -0.006 -0.020 0.131 0.041 
0.57 0.44 0.07 0.41 0.02 0.89 0.68 0.01 0.39 
C 15:0, % 
-0.004 -0.093 -0.038 0.044 -0.093 -0.003 0.047 -0.091 0.097 
0.93 0.05 0.43 0.36 0.05 0.95 0.33 0.06 0.04 
C 16:0, % 
0.033 -0.064 -0.063 0.054 -0.012 -0.010 0.037 -0.047 -0.040 
0.49 0.18 0.19 0.26 0.80 0.84 0.44 0.33 0.40 
C 16:1, % 
-0.014 -0.054 -0.011 -0.069 0.038 -0.119 -0.024 -0.019 -0.066 






Table F.25. Continued. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.039 -0.187 -0.125 0.124 -0.173 -0.036 0.092 -0.161 0.021 
0.41 <0.0001 0.01 0.01 <0.01 0.45 0.06 <0.01 0.67 
C 17:1, % 
-0.032 -0.196 -0.198 0.020 -0.181 -0.144 -0.028 -0.177 -0.117 
0.50 <0.0001 <0.0001 0.67 <0.01 <0.01 0.56 <0.01 0.01 
C 18:0, % 
0.029 0.010 -0.032 0.089 -0.031 0.068 0.061 -0.042 -0.039 
0.55 0.84 0.51 0.06 0.52 0.15 0.21 0.38 0.42 
C 18:1 n9, % 
0.024 0.200 0.179 -0.072 0.146 0.068 -0.012 0.121 0.030 
0.62 <0.0001 <0.01 0.13 <0.01 0.15 0.80 0.01 0.54 
C 18:2 n6, % 
-0.046 -0.108 -0.083 -0.003 -0.083 -0.052 -0.033 -0.037 0.030 
0.34 0.02 0.08 0.95 0.08 0.28 0.50 0.44 0.53 
C 18:3 n6, % 
-0.118 -0.017 -0.043 -0.015 -0.002 0.017 -0.010 0.004 0.049 
0.01 0.73 0.37 0.75 0.96 0.72 0.83 0.93 0.30 
C 18:3 n3, % 
-0.045 -0.035 -0.013 -0.042 0.015 -0.018 -0.039 0.062 0.083 
0.34 0.47 0.78 0.39 0.76 0.70 0.42 0.19 0.08 
C 20:0, % 
0.027 -0.038 -0.060 0.013 -0.032 -0.016 -0.046 -0.080 -0.181 
0.58 0.43 0.21 0.79 0.51 0.74 0.34 0.10 <0.01 
C 20:1 n9, % 
0.056 0.123 0.116 -0.015 0.015 0.018 0.015 -0.046 -0.109 
0.24 0.01 0.02 0.76 0.75 0.71 0.75 0.34 0.02 
C 20:2 n6, % 
-0.037 0.005 0.017 -0.021 -0.127 -0.066 -0.047 -0.055 -0.073 
0.44 0.91 0.73 0.66 0.01 0.17 0.33 0.25 0.13 
C 20:3 n6, % 
-0.004 0.009 0.046 -0.053 0.003 0.008 0.018 0.009 0.088 
0.93 0.85 0.34 0.27 0.95 0.87 0.71 0.85 0.07 
C 20:4 n6, % 
-0.045 -0.029 -0.039 0.011 -0.004 -0.005 0.059 0.043 0.099 






Table F.25. Continued. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, % 
-0.006 0.130 0.137 -0.061 0.061 0.051 -0.048 0.101 0.067 
0.90 0.01 <0.01 0.20 0.20 0.29 0.31 0.03 0.16 
C 20:5 n3, %
4
 
- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 
C 22:1 n9, %
4
 
- - - - - - - - - 
- - - - - - - - - 
C 22:4 n6, % 
0.071 0.005 0.061 -0.032 0.052 -0.004 0.039 0.059 0.032 
0.14 0.91 0.21 0.50 0.27 0.94 0.41 0.22 0.50 
C 22:5, % 
-0.049 0.077 0.046 -0.025 0.020 -0.012 0.014 0.004 0.083 
0.30 0.11 0.34 0.60 0.68 0.80 0.77 0.93 0.08 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on 
fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was measured 
on: the biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 
4 





Table F.26. Cold season population Pearson correlation coefficients of ham muscle pH with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2























-0.094 -0.100 -0.021 -0.023 -0.053 0.010 0.087 




-0.055 -0.074 0.042 0.034 -0.024 0.023 0.049 




-0.059 -0.076 -0.016 -0.033 -0.028 0.017 0.086 
0.22 0.11 0.75 0.50 0.56 0.72 0.07 
SFA 
0.050 0.075 0.032 0.050 0.031 -0.014 -0.063 
0.29 0.12 0.51 0.29 0.52 0.77 0.19 
MUFA 
0.027 0.011 -0.039 -0.042 0.004 -0.001 -0.046 
0.58 0.82 0.41 0.38 0.93 0.98 0.34 
PUFA 
-0.061 -0.070 0.003 -0.010 -0.028 0.012 0.086 
0.21 0.15 0.94 0.84 0.56 0.80 0.07 
USFA:SFA 
-0.054 -0.080 -0.035 -0.056 -0.033 0.009 0.058 
0.26 0.09 0.47 0.24 0.49 0.85 0.23 
PUFA:SFA 
-0.064 -0.082 -0.013 -0.031 -0.033 0.011 0.079 
0.18 0.09 0.79 0.51 0.49 0.82 0.10 
C 14:0, % 
0.005 0.021 -0.064 -0.082 0.011 -0.011 -0.033 
0.92 0.66 0.18 0.09 0.82 0.82 0.49 
C 15:0, % 
-0.010 0.011 0.035 0.027 0.043 0.065 0.132 
0.84 0.81 0.46 0.58 0.36 0.18 0.01 
C 16:0, % 
0.022 0.061 -0.002 0.025 0.027 -0.014 -0.072 
0.64 0.20 0.97 0.60 0.58 0.77 0.13 
C 16:1, % 
-0.013 0.021 -0.024 -0.021 0.049 0.047 0.071 






Table F.26. Continued. Cold season population Pearson correlation coefficients of ham muscle pH with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2


























C 17:0, % 
-0.062 -0.046 0.007 0.020 -0.027 0.020 0.090 
0.20 0.34 0.88 0.68 0.57 0.68 0.06 
C 17:1, % 
-0.095 -0.078 -0.005 0.028 -0.072 -0.033 0.009 
0.05 0.10 0.91 0.56 0.13 0.49 0.85 
C 18:0, % 
0.074 0.076 0.066 0.074 0.029 -0.012 -0.046 
0.12 0.11 0.17 0.12 0.54 0.80 0.34 
C 18:1 n9, 
% 
0.036 0.013 -0.037 -0.044 0.001 -0.007 -0.057 
0.45 0.78 0.45 0.36 0.99 0.88 0.24 
C 18:2 n6, 
% 
-0.061 -0.069 0.004 -0.006 -0.025 0.016 0.092 
0.20 0.15 0.93 0.89 0.61 0.74 0.06 
C 18:3 n6, 
% 
0.041 0.024 0.044 0.032 0.023 0.021 0.078 
0.40 0.62 0.36 0.50 0.64 0.66 0.11 
C 18:3 n3, 
% 
-0.074 -0.098 -0.051 -0.086 -0.077 -0.041 0.013 
0.12 0.04 0.29 0.07 0.11 0.39 0.79 
C 20:0, % 
-0.012 -0.001 0.011 0.030 -0.035 -0.035 -0.054 
0.80 0.99 0.83 0.53 0.47 0.46 0.26 
C 20:1 n9, 
% 
0.029 0.021 0.023 0.043 0.018 0.003 -0.070 
0.54 0.67 0.63 0.37 0.71 0.95 0.15 
C 20:2 n6, 
% 
-0.020 -0.026 0.035 0.030 -0.007 0.017 0.026 
0.68 0.58 0.47 0.54 0.89 0.73 0.58 
C 20:3 n6, 
% 
-0.040 -0.081 -0.024 -0.052 -0.040 -0.026 0.017 
0.41 0.09 0.62 0.28 0.41 0.59 0.73 
C 20:4 n6, 
% 
-0.052 -0.117 -0.058 -0.082 -0.093 -0.077 -0.040 






Table F.26. Continued. Cold season population Pearson correlation coefficients of ham muscle pH with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2


























C 20:3 n3, 
% 
0.027 0.000 0.009 -0.040 -0.002 -0.013 -0.008 
0.58 0.99 0.85 0.40 0.97 0.78 0.86 




- - - - - - - 




- - - - - - - 
- - - - - - - 




- - - - - - - 
- - - - - - - 
C 22:4 n6, 
% 
0.033 0.057 0.081 0.043 0.039 0.041 0.014 
0.49 0.23 0.09 0.37 0.42 0.39 0.76 
C 22:5, % 
-0.029 0.005 0.007 -0.032 -0.052 -0.051 -0.034 
0.55 0.92 0.89 0.51 0.28 0.29 0.47 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 Ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 









Table F.27. Cold season population Pearson correlation coefficients of processed ham characteristics with iodine value and Fatty 
Acid Methyl Ester (FAME) composition
1,2






























0.152 0.166 0.058 0.163 0.051 0.168 0.051 0.147 0.147 0.008 
<0.01 <0.01 0.22 <0.01 0.29 <0.01 0.29 <0.01 <0.01 0.87 
NitFOM 
measured IV 
0.162 0.171 0.042 0.170 0.035 0.173 0.033 0.167 0.166 0.037 




0.128 0.147 0.083 0.144 0.076 0.139 0.069 0.104 0.104 -0.043 
0.01 <0.01 0.08 <0.01 0.11 <0.01 0.15 0.03 0.03 0.38 
SFA 
-0.077 -0.096 -0.085 -0.091 -0.072 -0.083 -0.052 -0.046 -0.044 0.068 
0.11 0.04 0.08 0.06 0.13 0.08 0.28 0.35 0.36 0.16 
MUFA 
-0.131 -0.132 -0.001 -0.135 -0.015 -0.145 -0.047 -0.155 -0.157 -0.074 
0.01 0.01 0.98 <0.01 0.76 <0.01 0.34 <0.01 <0.01 0.13 
PUFA 
0.159 0.176 0.070 0.174 0.070 0.174 0.077 0.150 0.151 -0.002 
<0.01 <0.01 0.15 0.00 0.15 <0.01 0.11 <0.01 <0.01 0.97 
USFA:SFA 
0.063 0.081 0.085 0.077 0.076 0.067 0.056 0.032 0.031 -0.062 
0.19 0.09 0.08 0.11 0.11 0.16 0.25 0.51 0.52 0.20 
PUFA:SFA 
0.127 0.146 0.082 0.143 0.079 0.139 0.077 0.109 0.109 -0.023 
0.01 <0.01 0.09 <0.01 0.10 <0.01 0.11 0.02 0.02 0.63 
C 14:0, % 
-0.028 -0.031 0.000 -0.035 -0.023 -0.039 -0.074 -0.063 -0.063 -0.143 
0.56 0.52 1.00 0.46 0.63 0.41 0.13 0.19 0.19 <0.01 
C 15:0, % 
0.021 0.040 0.076 0.037 0.074 0.049 0.105 0.050 0.052 0.032 






Table F.27. Continued. Cold season population Pearson correlation coefficients of processed ham characteristics with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 16:0, % 
-0.093 -0.110 -0.079 -0.107 -0.073 -0.098 -0.059 -0.063 -0.062 0.062 
0.05 0.02 0.10 0.03 0.13 0.04 0.23 0.19 0.20 0.20 
C 16:1, % 
-0.092 -0.069 0.114 -0.077 0.093 -0.081 0.040 -0.089 -0.089 0.019 
0.05 0.15 0.02 0.11 0.05 0.09 0.41 0.07 0.06 0.69 
C 17:0, % 
-0.020 -0.007 0.052 -0.007 0.066 0.007 0.094 0.016 0.018 0.054 
0.68 0.88 0.28 0.89 0.17 0.89 0.05 0.74 0.71 0.26 
C 17:1, % 
0.037 0.031 -0.029 0.033 -0.023 0.046 0.013 0.076 0.078 0.131 
0.44 0.51 0.55 0.49 0.63 0.34 0.78 0.11 0.11 0.01 
C 18:0, % 
-0.041 -0.058 -0.080 -0.052 -0.062 -0.047 -0.037 -0.013 -0.011 0.071 
0.39 0.23 0.10 0.27 0.20 0.33 0.44 0.80 0.81 0.14 
C 18:1 n9, % 
-0.117 -0.122 -0.019 -0.124 -0.029 -0.134 -0.054 -0.146 -0.148 -0.093 
0.01 0.01 0.69 0.01 0.54 0.01 0.26 <0.01 <0.01 0.06 
C 18:2 n6, % 
0.156 0.174 0.076 0.173 0.076 0.174 0.084 0.150 0.150 0.004 
<0.01 <0.01 0.11 <0.01 0.11 <0.01 0.08 <0.01 <0.01 0.93 
C 18:3 n6, % 
0.013 0.006 -0.051 0.008 -0.053 -0.003 -0.038 -0.001 -0.003 -0.040 
0.79 0.89 0.29 0.87 0.27 0.95 0.44 0.98 0.94 0.41 
C 18:3 n3, % 
0.160 0.145 -0.058 0.146 -0.069 0.131 -0.062 0.102 0.101 -0.135 
<0.01 <0.01 0.23 <0.01 0.15 0.01 0.20 0.03 0.04 0.01 
C 20:0, % 
-0.084 -0.087 -0.004 -0.084 0.013 -0.084 0.038 -0.069 -0.067 0.105 
0.08 0.07 0.93 0.08 0.79 0.08 0.43 0.16 0.17 0.03 
C 20:1 n9, % 
-0.066 -0.067 0.006 -0.069 -0.004 -0.071 -0.028 -0.047 -0.048 0.042 
0.17 0.16 0.91 0.15 0.93 0.14 0.56 0.33 0.32 0.38 
C 20:2 n6, % 
0.152 0.160 0.047 0.157 0.034 0.147 0.031 0.144 0.142 0.011 






Table F.27. Continued. Cold season population Pearson correlation coefficients of processed ham characteristics with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 20:3 n6, % 
0.130 0.140 0.047 0.142 0.062 0.139 0.017 0.132 0.131 -0.015 
0.01 <0.01 0.33 <0.01 0.20 <0.01 0.73 0.01 0.01 0.75 
C 20:4 n6, % 
0.072 0.085 0.058 0.088 0.080 0.092 0.070 0.069 0.069 0.000 
0.13 0.08 0.23 0.07 0.10 0.05 0.15 0.15 0.15 0.99 
C 20:3 n3, % 
0.093 0.079 -0.059 0.078 -0.072 0.062 -0.097 0.050 0.048 -0.133 
0.05 0.10 0.22 0.10 0.14 0.20 0.05 0.30 0.32 0.01 




- - - - - - - - - - 




- - - - - - - - - - 
- - - - - - - - - - 




- - - - - - - - - - 
- - - - - - - - - - 
C 22:4 n6, % 
0.038 0.064 0.120 0.064 0.143 0.072 0.119 0.075 0.075 0.127 
0.43 0.18 0.01 0.18 <0.01 0.14 0.01 0.12 0.12 0.01 
C 22:5, % 
-0.002 -0.018 -0.095 -0.018 -0.107 -0.011 -0.065 -0.011 -0.010 -0.050 
0.97 0.71 0.05 0.71 0.03 0.82 0.18 0.83 0.84 0.30 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 
ratio of polyunsaturated fatty acids to saturated fatty acids. 
3 





Table F.28. Cold season population Pearson correlation coefficients of processed ham color, bind strength, 
and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* 
Moisture, 







0.109 -0.153 -0.139 -0.045 0.260 -0.461 0.265 0.127 
0.02 <0.01 <0.01 0.36 <0.0001 <0.0001 <0.0001 0.01 
NitFOM 
measured IV 
0.049 -0.088 -0.141 -0.049 0.291 -0.432 0.204 0.061 




0.162 -0.059 -0.058 -0.028 0.196 -0.411 0.249 0.128 
<0.01 0.23 0.23 0.57 <0.0001 <0.0001 <0.0001 0.01 
SFA 
-0.192 0.042 0.014 0.005 -0.129 0.321 -0.195 -0.101 
<0.0001 0.39 0.78 0.92 0.01 <0.0001 <0.0001 0.04 
MUFA 
0.087 0.056 0.125 0.069 -0.187 0.246 -0.142 -0.068 
0.07 0.25 0.01 0.16 <0.0001 <0.0001 <0.01 0.16 
PUFA 
0.092 -0.074 -0.104 -0.054 0.240 -0.438 0.261 0.131 
0.06 0.13 0.03 0.28 <0.0001 <0.0001 <0.0001 0.01 
USFA:SFA 
0.189 -0.041 -0.021 -0.007 0.131 -0.319 0.189 0.095 
<0.0001 0.40 0.67 0.89 0.01 <0.0001 <0.0001 0.05 
PUFA:SFA 
0.134 -0.066 -0.082 -0.040 0.214 -0.423 0.252 0.127 
0.01 0.17 0.09 0.42 <0.0001 <0.0001 <0.0001 0.01 
C 14:0, % 
0.176 -0.056 0.038 0.068 -0.129 0.147 -0.081 -0.035 
<0.01 0.25 0.44 0.16 0.01 <0.01 0.09 0.47 
C 15:0, % 
0.025 -0.029 -0.082 -0.014 0.074 -0.162 0.106 0.060 
0.61 0.55 0.09 0.78 0.12 <0.01 0.03 0.22 
C 16:0, % 
-0.118 -0.012 -0.016 0.040 -0.082 0.277 -0.203 -0.125 
0.02 0.80 0.74 0.41 0.09 <0.0001 <0.0001 0.01 
C 16:1, % 
0.239 -0.167 -0.113 0.062 0.126 -0.112 -0.051 -0.093 
<0.0001 <0.01 0.02 0.21 0.01 0.02 0.29 0.06 
C 17:0, % 
-0.041 -0.083 -0.141 -0.004 0.174 -0.255 0.149 0.072 
0.40 0.09 <0.01 0.94 <0.01 <0.0001 <0.01 0.14 
C 17:1, % 
-0.166 -0.162 -0.254 -0.045 0.236 -0.275 0.159 0.075 
<0.01 <0.01 <0.0001 0.36 <0.0001 <0.0001 <0.01 0.12 
C 18:0, % 
-0.243 0.100 0.051 -0.040 -0.151 0.304 -0.148 -0.057 
<0.0001 0.04 0.30 0.42 <0.01 <0.0001 <0.01 0.24 
C 18:1 n9, 
% 
0.066 0.099 0.169 0.063 -0.227 0.279 -0.137 -0.052 






Table F.28. Continued. Cold season population Pearson correlation coefficients of processed ham color, 
bind strength, and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) 
composition
1,2







Variable L* a* b* 
Moisture, 





C 18:2 n6, 
% 
0.090 -0.076 -0.110 -0.052 0.243 -0.441 0.261 0.131 
0.06 0.12 0.02 0.29 <0.0001 <0.0001 <0.0001 0.01 
C 18:3 n6, 
% 
0.022 0.029 0.003 0.001 0.111 -0.199 0.146 0.090 
0.66 0.55 0.96 0.99 0.02 <0.0001 <0.01 0.06 
C 18:3 n3, 
% 
0.157 -0.037 0.009 -0.019 0.131 -0.381 0.283 0.175 
<0.01 0.45 0.86 0.70 0.01 <0.0001 <0.0001 <0.01 
C 20:0, % 
-0.194 0.038 -0.056 -0.009 -0.012 0.130 -0.099 -0.064 
<0.0001 0.44 0.25 0.86 0.81 0.01 0.04 0.19 
C 20:1 n9, 
% 
-0.101 0.029 0.010 0.007 -0.124 0.281 -0.209 -0.130 
0.04 0.55 0.84 0.89 0.01 <0.0001 <0.0001 0.01 
C 20:2 n6, 
% 
0.005 -0.060 -0.071 -0.095 0.160 -0.218 0.110 0.042 
0.91 0.22 0.14 0.05 <0.01 <0.0001 0.02 0.38 
C 20:3 n6, 
% 
0.081 -0.045 -0.045 0.020 0.184 -0.284 0.107 0.019 
0.10 0.36 0.36 0.68 <0.01 <0.0001 0.03 0.69 
C 20:4 n6, 
% 
0.054 -0.013 -0.047 -0.025 0.191 -0.328 0.188 0.090 
0.27 0.79 0.33 0.61 <0.0001 <0.0001 <0.0001 0.06 
C 20:3 n3, 
% 
0.112 -0.024 0.082 -0.007 -0.048 -0.020 0.039 0.036 
0.02 0.62 0.09 0.88 0.32 0.69 0.42 0.46 




- - - - - - - - 




- - - - - - - - 
- - - - - - - - 




- - - - - - - - 
- - - - - - - - 
C 22:4 n6, 
% 
0.053 -0.076 -0.048 0.003 0.078 0.036 -0.147 -0.148 
0.28 0.12 0.32 0.94 0.11 0.45 <0.01 <0.01 
C 22:5, % 
0.008 0.067 0.071 -0.089 -0.050 -0.023 0.092 0.092 
0.88 0.17 0.14 0.07 0.30 0.64 0.06 0.06 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty 
acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) 
to saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater 
a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color cured ham was determined on as the average of 4 measurements on a ham steak. 
4
 Protein fat-free = [% protein / (100 - % fat)] * 100. 
5 





Table F.29. Cold season population Pearson correlation coefficients of belly traits with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2 



















-0.559 -0.657 -0.419 -0.093 -0.001 -0.622 -0.534 -0.464 -0.635 




-0.562 -0.654 -0.432 -0.097 -0.008 -0.609 -0.515 -0.461 -0.621 




-0.549 -0.644 -0.407 0.020 0.122 -0.565 -0.550 -0.458 -0.607 
<0.0001 <0.0001 <0.0001 0.69 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.434 0.524 0.351 -0.082 -0.201 0.427 0.429 0.348 0.464 
<0.0001 <0.0001 <0.0001 0.09 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
0.293 0.313 0.136 0.171 0.222 0.349 0.298 0.279 0.360 
<0.0001 <0.0001 0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA 
-0.576 -0.665 -0.390 -0.063 -0.003 -0.613 -0.576 -0.495 -0.651 
<0.0001 <0.0001 <0.0001 0.20 0.94 <0.0001 <0.0001 <0.0001 <0.0001 
USFA:SFA 
-0.439 -0.521 -0.352 0.072 0.198 -0.431 -0.425 -0.348 -0.465 
<0.0001 <0.0001 <0.0001 0.14 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.571 -0.660 -0.409 -0.017 0.075 -0.592 -0.561 -0.477 -0.630 
<0.0001 <0.0001 <0.0001 0.72 0.12 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.175 0.234 0.012 0.174 0.319 0.250 0.206 0.124 0.227 
<0.01 <0.0001 0.81 <0.01 <0.0001 <0.0001 <0.0001 0.01 <0.0001 
C 15:0, % 
-0.198 -0.238 -0.158 0.068 0.046 -0.264 -0.248 -0.245 -0.292 
<0.0001 <0.0001 <0.01 0.16 0.34 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:0, % 
0.430 0.497 0.307 -0.021 -0.133 0.421 0.430 0.322 0.452 
<0.0001 <0.0001 <0.0001 0.67 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.114 -0.131 -0.152 0.082 0.188 -0.061 -0.062 -0.122 -0.093 






Table F.29. Continued. Cold season population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2 
















C 17:0, % 
-0.329 -0.362 -0.170 -0.143 -0.215 -0.363 -0.338 -0.354 -0.406 
<0.0001 <0.0001 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
-0.282 -0.258 -0.164 -0.291 -0.470 -0.268 -0.179 -0.315 -0.296 
<0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 
C 18:0, % 
0.357 0.448 0.336 -0.133 -0.244 0.348 0.345 0.320 0.390 
<0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, 
% 
0.330 0.349 0.169 0.187 0.239 0.375 0.316 0.322 0.392 
<0.0001 <0.0001 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:2 n6, 
% 
-0.576 -0.664 -0.388 -0.067 -0.012 -0.616 -0.579 -0.498 -0.655 
<0.0001 <0.0001 <0.0001 0.17 0.80 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
-0.195 -0.232 -0.184 0.006 0.055 -0.192 -0.203 -0.148 -0.209 
<0.0001 <0.0001 <0.01 0.90 0.26 <0.0001 <0.0001 <0.01 <0.0001 
C 18:3 n3, 
% 
-0.494 -0.550 -0.427 0.069 0.185 -0.459 -0.459 -0.414 -0.513 
<0.0001 <0.0001 <0.0001 0.16 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.164 0.251 0.211 -0.207 -0.293 0.210 0.238 0.140 0.226 
<0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 
C 20:1 n9, 
% 
0.232 0.272 0.190 -0.033 -0.096 0.266 0.263 0.210 0.285 
<0.0001 <0.0001 <0.0001 0.50 0.05 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:2 n6, 
% 
-0.331 -0.413 -0.206 -0.082 -0.112 -0.376 -0.310 -0.267 -0.372 
<0.0001 <0.0001 <0.0001 0.09 0.02 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n6, 
% 
-0.381 -0.437 -0.234 -0.028 0.084 -0.405 -0.367 -0.266 -0.404 
<0.0001 <0.0001 <0.0001 0.56 0.08 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:4 n6, 
% 
-0.409 -0.453 -0.193 -0.096 0.067 -0.427 -0.396 -0.339 -0.450 
<0.0001 <0.0001 <0.0001 0.05 0.17 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n3, 
% 
-0.140 -0.179 -0.163 0.149 0.220 -0.142 -0.133 -0.052 -0.128 
<0.01 <0.01 <0.01 <0.01 <0.0001 <0.01 0.01 0.29 0.01 




- - - - - - - - - 





Table F.29. Continued. Cold season population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2 



















- - - - - - - - - 
- - - - - - - - - 




- - - - - - - - - 
- - - - - - - - - 
C 22:4 n6, 
% 
0.025 -0.010 0.102 0.031 0.109 0.000 -0.015 0.010 -0.001 
0.61 0.84 0.04 0.52 0.03 0.99 0.77 0.84 0.98 
C 22:5, % 
-0.061 -0.084 -0.090 -0.007 0.015 -0.022 -0.048 -0.020 -0.034 
0.21 0.08 0.06 0.88 0.76 0.65 0.32 0.68 0.49 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, 
a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 
25 cm and a score of 5 was greater than 25 cm. 
4 






PEARSON CORRELATION COEFFICIENTS OF THE HOT SEASON POPULATION 
USED IN CHAPTERS 3, 4, & 5 
Table G.1. Hot season population Pearson correlation 









0.893 0.470 0.478 -0.247 





0.448 0.610 0.163 -0.501 
<0.0001 <0.0001 <0.0001 <0.0001 
Length 
0.411 0.033 0.165 0.033 
<0.0001 0.20 <0.0001 0.20 
Width 
0.619 0.273 0.350 -0.114 
<0.0001 <0.0001 <0.0001 <0.0001 
Scribe 
-0.078 0.033 -0.035 -0.046 
<0.01 0.20 0.18 0.07 
Depth, 
25% 
0.577 0.546 0.276 -0.397 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
50% 
0.586 0.517 0.286 -0.366 
<0.0001 <0.0001 <0.0001 <0.0001 
Depth, 
75% 
0.589 0.401 0.300 -0.254 
<0.0001 <0.0001 <0.0001 <0.0001 
Average 
Depth 
0.666 0.563 0.328 -0.392 
<0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. 
P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) 
in 0.5 unit increments was assigned to each belly.  
Subjective flop scores were anchored such that a score of 
0.5 was characterized as an approximate flop distance of 
less than 5 cm, a score of 1 was 5.1 to 10 cm, a score of 
2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a 
score of 4 was 20.1 to 25 cm and a score of 5 was greater 





Table G.2. Hot season population Pearson correlation 
coefficients of carcass composition with loin quality
1
  





0.797 -0.027 0.652 0.281 
<0.0001 0.30 <0.0001 <0.0001 
pH, 31 min  
-0.108 -0.137 0.025 0.133 
0.04 0.01 0.65 0.01 
pH, 1 d 
-0.194 -0.070 -0.102 0.023 
<0.0001 0.01 <0.0001 0.37 
pH, 20 d 
0.110 0.080 0.072 -0.048 
0.03 0.13 0.18 0.37 
Color, 1 d 
-0.145 0.078 -0.163 -0.139 
<0.0001 <0.0001 <0.0001 <0.0001 
Marbling, 1 
d 
-0.245 0.288 -0.291 -0.384 
<0.0001 <0.0001 <0.0001 <0.0001 
Firmness, 1 
d 
0.022 0.220 0.037 -0.190 
0.22 <0.0001 0.04 <0.0001 
Color, 20 d 
0.058 0.131 0.026 -0.112 
0.26 0.01 0.62 0.04 
Marbling, 
20 d 
0.044 0.340 -0.109 -0.355 
0.40 <0.0001 0.04 <0.0001 
Firmness, 
20 d 
0.051 0.129 -0.050 -0.141 




    
     L* 
-0.185 0.111 -0.157 -0.162 
<0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.048 0.172 -0.007 -0.162 
0.06 <0.0001 0.80 <0.0001 
     b* 
0.041 0.174 -0.009 -0.163 




    
     L* 
-0.063 0.059 -0.095 -0.092 
0.22 0.27 0.07 0.09 
     a* 
-0.088 0.123 -0.234 -0.201 
0.09 0.02 <0.0001 <0.01 
     b* 
-0.028 0.127 -0.126 -0.163 






Table G.2. Continued. Hot season population Pearson 









0.104 -0.062 0.061 0.080 
0.05 0.25 0.26 0.14 
Cook loss, 
21 d 
-0.244 -0.052 -0.241 -0.044 




-0.243 -0.279 -0.167 0.190 
<0.0001 <0.0001 <0.01 <0.01 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value 
indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). 
Instrumental loin color determined as the average of 2 
measurements on the ventral surface of the loin. 
3 





Table G.3. Hot season population Pearson correlation coefficients of carcass 
composition with ham quality
1,2 
Variable HCW BF LD 
Percent 
Lean 
Weight, 1 d 
0.914 0.219 0.582 0.031 
<0.0001 <0.0001 <0.0001 0.08 
Pre-trim weight 
0.916 0.242 0.552 -0.003 
<0.0001 <0.0001 <0.0001 0.95 
Post-trim weight 
0.859 0.060 0.581 0.175 
<0.0001 0.24 <0.0001 <0.01 
Inside weight 
0.646 -0.167 0.526 0.361 
<0.0001 <0.01 <0.0001 <0.0001 
Outside weight 
0.636 -0.095 0.446 0.264 
<0.0001 0.07 <0.0001 <0.0001 
Knuckle weight 
0.620 -0.015 0.471 0.198 
<0.0001 0.78 <0.0001 <0.01 
Shank weight 
0.696 0.133 0.413 0.040 
<0.0001 0.01 <0.0001 0.44 
Lite butt weight 
0.190 -0.010 0.127 0.064 
<0.01 0.85 0.01 0.22 
Gluteus profundus 
    
     L* 
-0.233 -0.041 -0.210 -0.047 
<0.0001 0.02 <0.0001 0.01 
     a* 
0.004 -0.013 0.049 0.031 
0.83 0.46 0.01 0.08 
     b* 
-0.125 -0.059 -0.087 0.019 
<0.0001 <0.01 <0.0001 0.30 
Gluteus medius 
    
     L* 
-0.101 0.039 -0.083 -0.070 
<0.0001 0.03 <0.0001 <0.0001 
     a* 
0.085 0.074 0.024 -0.059 
<0.0001 <0.0001 0.17 <0.01 
     b* 
0.098 0.023 0.037 -0.007 
<0.0001 0.20 0.04 0.68 
Semimembranosus 
    
     L* 
-0.009 0.033 -0.059 -0.055 
0.86 0.53 0.26 0.29 
     a* 
0.162 -0.081 0.113 0.118 
<0.01 0.12 0.03 0.02 
     b* 
0.116 -0.018 0.062 0.041 






Table G.3. Continued. Hot season population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




    
     L* 
-0.256 -0.034 -0.217 -0.058 
<0.0001 0.52 <0.0001 0.26 
     a* 
0.091 0.045 0.022 -0.033 
0.08 0.39 0.68 0.52 
     b* 
-0.081 -0.031 -0.161 -0.039 
0.12 0.56 <0.01 0.45 
Semitendinosus, light 
   
     L* 
0.116 0.179 -0.112 -0.211 
0.03 <0.01 0.03 <0.0001 
     a* 
0.021 0.130 0.021 -0.111 
0.69 0.01 0.69 0.03 
     b* 
0.139 0.243 -0.043 -0.244 
0.01 <0.0001 0.40 <0.0001 
Semitendinosus, dark 
   
L* 
-0.073 0.070 -0.064 -0.091 
0.16 0.17 0.22 0.08 
a* 
0.138 0.170 0.048 -0.137 
0.01 <0.01 0.36 0.01 
b* 
0.105 0.197 0.047 -0.164 
0.04 <0.01 0.36 <0.01 
Biceps femoris 
    
L* 
-0.042 0.108 -0.055 -0.121 
0.41 0.04 0.29 0.02 
a* 
0.182 -0.048 0.058 0.063 
<0.01 0.35 0.27 0.23 
b* 
0.139 0.035 0.072 -0.008 
0.01 0.50 0.17 0.88 
Vastus lateralis 
    
L* 
-0.189 -0.045 -0.125 -0.006 
<0.01 0.39 0.02 0.91 
a* 
0.059 0.040 -0.068 -0.063 
0.26 0.44 0.19 0.22 
b* 
-0.030 -0.119 -0.012 0.107 






Table G.3. Continued. Hot season population Pearson correlation 
coefficients of carcass composition with ham quality
1,2
 




    
L* 
-0.161 -0.011 -0.187 -0.063 
<0.01 0.83 <0.01 0.23 
a* 
0.169 0.118 -0.003 -0.109 
<0.01 0.02 0.96 0.04 
b* 
0.068 -0.116 -0.038 0.091 
0.19 0.03 0.47 0.08 
pH 
    
     Semimembranosus 
-0.101 0.110 -0.020 -0.110 
0.04 0.03 0.70 0.03 
     Adductor 
-0.013 0.068 0.030 -0.051 
0.79 0.19 0.57 0.33 
     Semitendinosus, light 
-0.108 0.037 -0.016 -0.042 
0.03 0.47 0.76 0.42 
     Semitendinosus, dark 
-0.045 0.029 0.031 -0.016 
0.37 0.58 0.55 0.76 
     Biceps femoris 
-0.123 0.065 -0.037 -0.076 
0.01 0.21 0.47 0.14 
     Vastus lateralis 
-0.088 0.106 -0.030 -0.112 
0.08 0.04 0.56 0.03 
     Rectus femoris 
-0.020 0.013 0.092 0.022 
0.70 0.80 0.08 0.68 
1 
Upper row is the correlation coefficient between traits. P-value for 
difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter 
color); a* measures redness (greater a* value indicates a redder color); b* 
measures yellowness (greater b* value indicates a more yellow color); 
Instrumental color on fresh muscle was determined on one measure per 
muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), 
semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris 






Table G.4. Hot season population Pearson correlation 
coefficients of carcass composition with ham processed ham 
quality and yield
1 




0.701 -0.117 0.532 0.318 
<0.0001 0.02 <0.0001 <0.0001 
Pumped 
weight 
0.636 -0.141 0.544 0.344 
<0.0001 0.01 <0.0001 <0.0001 
Pump 
percent 
-0.079 -0.095 0.131 0.138 




0.652 -0.139 0.546 0.343 
<0.0001 0.01 <0.0001 <0.0001 
Pump 
retention 
-0.048 -0.102 0.158 0.156 
0.34 0.05 <0.01 <0.01 
Stuffed 
weight 
0.653 -0.151 0.541 0.351 
<0.0001 <0.01 <0.0001 <0.0001 
Stuffed yield 
-0.117 -0.058 0.048 0.073 




0.644 -0.137 0.539 0.337 




0.645 -0.136 0.535 0.335 
<0.0001 0.01 <0.0001 <0.0001 
Cooked yield 
0.018 -0.040 0.129 0.089 




    
     L* 
-0.055 0.098 -0.121 -0.135 
0.28 0.06 0.02 0.01 
     a* 
0.067 -0.030 0.108 0.069 
0.19 0.57 0.04 0.19 
     b* 
0.052 0.065 -0.030 -0.072 
0.31 0.21 0.56 0.17 
Bind 
Strength 
-0.021 -0.008 0.041 0.026 






Table G.4. Continued. Hot season population Pearson 
correlation coefficients of carcass composition with ham 
processed ham quality and yield
1
 




   
     Moisture, 
% 
-0.007 -0.229 0.092 0.250 
0.89 <0.0001 0.08 <0.0001 
     Lipid, % 
-0.010 0.290 -0.170 -0.339 
0.84 <0.0001 <0.01 <0.0001 
     Protein, % 
-0.027 -0.069 0.064 0.091 
0.60 0.19 0.22 0.08 
     PFF
3
 
-0.030 0.018 0.015 -0.009 
0.55 0.73 0.78 0.86 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value 
indicates a lighter color). a* measures redness (greater a* 
value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). 
Instrumental color was determined on ham steaks as the 
average of 4 measurements. 
3
























0.623 0.157 0.273 0.462 -0.074 0.311 0.349 0.356 0.385 
<0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 31 min  
-0.144 -0.077 -0.156 -0.088 0.069 -0.097 -0.072 -0.158 -0.124 
0.01 0.15 <0.01 0.10 0.20 0.07 0.17 <0.01 0.02 
pH, 1 d 
-0.168 -0.119 0.006 -0.140 0.049 -0.158 -0.122 -0.164 -0.170 
<0.0001 <0.0001 0.81 <0.0001 0.06 <0.0001 <0.0001 <0.0001 <0.0001 
pH, 20 d 
0.129 0.061 -0.019 0.086 0.128 0.124 0.102 0.013 0.095 
0.01 0.24 0.72 0.10 0.01 0.02 0.05 0.80 0.07 
Color, 1 d 
-0.053 0.057 0.105 -0.113 -0.065 -0.031 -0.033 0.010 -0.022 
0.04 0.02 <0.0001 <0.0001 0.01 0.22 0.19 0.70 0.39 
Marbling, 1 
d 
-0.134 0.197 0.075 -0.185 0.044 0.039 -0.002 -0.009 0.012 
<0.0001 <0.0001 <0.01 <0.0001 0.08 0.12 0.93 0.73 0.63 
Firmness, 1 
d 
0.013 0.197 -0.067 -0.064 0.020 0.130 0.119 0.066 0.122 
0.61 <0.0001 0.01 0.01 0.43 <0.0001 <0.0001 0.01 <0.0001 
Color, 20 d 
0.152 0.124 0.246 0.031 -0.023 0.118 0.131 0.073 0.124 
<0.01 0.02 <0.0001 0.55 0.66 0.02 0.01 0.16 0.02 
Marbling, 
20 d 
0.131 0.250 0.094 0.087 0.077 0.176 0.189 0.107 0.182 
0.01 <0.0001 0.07 0.10 0.14 <0.01 <0.01 0.04 <0.01 
Firmness, 
20 d 
0.107 0.069 0.079 0.076 -0.006 0.160 0.151 0.013 0.128 




         
     L* 
-0.152 0.025 -0.090 -0.087 0.009 -0.034 -0.084 -0.047 -0.062 
<0.0001 0.32 <0.01 <0.01 0.73 0.18 <0.01 0.07 0.02 
     a* 
0.090 0.151 -0.024 0.067 -0.016 0.139 0.151 0.133 0.161 
<0.01 <0.0001 0.34 0.01 0.52 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.056 0.159 -0.098 0.067 0.018 0.159 0.126 0.123 0.156 




























         
     L* 
-0.106 -0.061 -0.127 0.016 0.026 -0.084 -0.072 -0.013 -0.067 
0.04 0.24 0.01 0.76 0.62 0.11 0.17 0.80 0.20 
     a* 
-0.069 -0.047 0.016 -0.083 -0.023 -0.023 -0.049 -0.056 -0.048 
0.19 0.38 0.76 0.11 0.67 0.66 0.35 0.29 0.36 
     b* 
-0.046 -0.021 -0.075 -0.001 0.032 -0.010 -0.007 -0.006 -0.009 
0.38 0.69 0.15 0.99 0.55 0.85 0.90 0.92 0.87 
Purge loss, 
20 d 
0.038 -0.039 -0.107 0.063 0.021 0.040 0.040 0.030 0.042 
0.48 0.46 0.04 0.23 0.69 0.45 0.46 0.58 0.43 
Cook loss, 
21 d 
-0.269 -0.135 -0.097 -0.138 -0.052 -0.205 -0.165 -0.110 -0.187 




-0.241 -0.231 -0.033 -0.111 0.049 -0.235 -0.219 -0.225 -0.260 
<0.0001 <0.0001 0.53 0.03 0.35 <0.0001 <0.0001 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, 
a score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 
25 cm and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Loin color was 
determined as the average of 2 measurements on the ventral surface of the loin.  
4




















Ham Weight, 1 d 
0.759 0.332 0.261 0.573 -0.068 0.464 0.483 0.466 0.537 
<0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Pre-trim weight 
0.764 0.368 0.277 0.570 0.007 0.496 0.478 0.476 0.555 
<0.0001 <0.0001 <0.0001 <0.0001 0.89 <0.0001 <0.0001 <0.0001 <0.0001 
Post-trim weight 
0.667 0.219 0.287 0.511 0.039 0.374 0.357 0.367 0.420 
<0.0001 <0.0001 <0.0001 <0.0001 0.45 <0.0001 <0.0001 <0.0001 <0.0001 
Inside weight 
0.480 0.066 0.275 0.351 -0.021 0.209 0.211 0.256 0.256 
<0.0001 0.21 <0.0001 <0.0001 0.69 <0.0001 <0.0001 <0.0001 <0.0001 
Outside weight 
0.478 0.091 0.280 0.348 -0.007 0.223 0.240 0.261 0.275 
<0.0001 0.08 <0.0001 <0.0001 0.89 <0.0001 <0.0001 <0.0001 <0.0001 
Knuckle weight 
0.471 0.167 0.275 0.314 -0.038 0.254 0.267 0.256 0.296 
<0.0001 <0.01 <0.0001 <0.0001 0.47 <0.0001 <0.0001 <0.0001 <0.0001 
Shank weight 
0.552 0.125 0.316 0.445 0.028 0.275 0.228 0.306 0.309 
<0.0001 0.02 <0.0001 <0.0001 0.58 <0.0001 <0.0001 <0.0001 <0.0001 
Lite butt weight 
0.109 0.044 -0.038 0.104 -0.066 0.070 0.089 0.051 0.080 
0.04 0.40 0.46 0.04 0.20 0.17 0.08 0.33 0.12 
Gluteus profundus 
         
     L* 
-0.239 -0.110 -0.094 -0.115 0.093 -0.152 -0.171 -0.101 -0.163 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.023 0.050 -0.054 0.065 0.026 0.046 0.048 0.029 0.048 
0.36 0.05 0.03 0.01 0.31 0.06 0.05 0.24 0.06 
     b* 
-0.143 -0.051 -0.135 -0.023 0.083 -0.061 -0.085 -0.060 -0.078 























         
     L* 
-0.100 0.008 -0.138 0.003 0.101 -0.039 -0.034 -0.010 -0.032 
<0.0001 0.76 <0.0001 0.92 <0.0001 0.12 0.17 0.69 0.20 
     a* 
0.121 0.129 0.080 0.077 -0.033 0.118 0.111 0.113 0.130 
<0.0001 <0.0001 <0.01 <0.01 0.18 <0.0001 <0.0001 <0.0001 <0.0001 
     b* 
0.092 0.093 -0.017 0.085 0.004 0.115 0.103 0.095 0.120 
<0.01 <0.01 0.50 <0.01 0.88 <0.0001 <0.0001 <0.01 <0.0001 
Semimembranosus 
         
     L* 
-0.009 0.017 -0.088 0.076 -0.046 0.021 0.000 0.025 0.018 
0.86 0.75 0.09 0.14 0.38 0.69 0.99 0.63 0.73 
     a* 
0.162 0.008 0.125 0.114 -0.070 0.042 0.091 0.121 0.094 
<0.01 0.88 0.01 0.03 0.18 0.41 0.08 0.02 0.07 
     b* 
0.116 0.037 0.055 0.150 -0.127 0.083 0.071 0.155 0.116 
0.02 0.48 0.28 <0.01 0.01 0.11 0.17 <0.01 0.02 
Adductor 
         
     L* 
-0.256 -0.142 -0.133 -0.115 0.002 -0.182 -0.162 -0.133 -0.184 
<0.0001 0.01 0.01 0.03 0.97 <0.01 <0.01 0.01 <0.01 
     a* 
0.091 0.009 0.019 0.071 -0.072 0.063 0.069 0.089 0.084 
0.08 0.86 0.72 0.17 0.16 0.22 0.18 0.08 0.10 
     b* 
-0.081 -0.076 -0.026 -0.030 -0.133 -0.076 -0.070 -0.029 -0.068 
0.12 0.14 0.62 0.56 0.01 0.14 0.17 0.58 0.19 
Semitendinosus, light 
        
L* 
0.116 0.100 0.024 0.116 0.008 0.095 0.064 0.102 0.100 
0.03 0.05 0.64 0.03 0.87 0.07 0.22 0.05 0.05 
a* 
0.021 0.049 -0.045 -0.028 -0.010 0.092 0.106 0.067 0.102 
0.69 0.35 0.39 0.58 0.85 0.07 0.04 0.20 0.05 
b* 
0.139 0.156 0.027 0.105 -0.031 0.163 0.129 0.183 0.181 






















         
L* 
-0.073 0.043 -0.072 -0.037 0.048 -0.026 0.004 0.005 -0.008 
0.16 0.41 0.17 0.47 0.36 0.62 0.94 0.92 0.88 
a* 
0.138 0.124 -0.012 0.132 0.050 0.175 0.106 0.084 0.143 
0.01 0.02 0.81 0.01 0.34 <0.01 0.04 0.10 0.01 
b* 
0.105 0.172 -0.048 0.104 0.021 0.152 0.116 0.075 0.134 
0.04 <0.01 0.36 0.04 0.69 <0.01 0.02 0.15 0.01 
Biceps femoris 
         
L* 
-0.042 0.033 -0.100 0.058 0.040 -0.041 0.001 0.027 -0.008 
0.41 0.52 0.05 0.26 0.44 0.43 0.99 0.60 0.88 
a* 
0.182 0.123 0.050 0.098 -0.108 0.173 0.156 0.175 0.193 
<0.01 0.02 0.34 0.06 0.04 <0.01 <0.01 <0.01 <0.01 
b* 
0.139 0.161 -0.041 0.099 -0.092 0.138 0.166 0.186 0.186 
0.01 <0.01 0.43 0.05 0.07 0.01 <0.01 <0.01 <0.01 
Vastus lateralis 
         
L* 
-0.189 -0.100 -0.168 -0.040 0.089 -0.113 -0.103 -0.172 -0.146 
<0.01 0.05 <0.01 0.44 0.08 0.03 0.05 <0.01 <0.01 
a* 
0.059 0.036 0.081 0.018 -0.042 0.051 0.041 0.052 0.055 
0.26 0.49 0.12 0.73 0.42 0.33 0.43 0.32 0.29 
b* 
-0.030 -0.049 0.066 -0.014 -0.054 -0.031 -0.058 -0.072 -0.060 
0.56 0.34 0.20 0.79 0.30 0.55 0.26 0.16 0.24 
Rectus femoris 
         
L* 
-0.161 -0.065 -0.022 -0.103 -0.012 -0.106 -0.126 -0.091 -0.124 
<0.01 0.21 0.67 0.05 0.81 0.04 0.01 0.08 0.02 
a* 
0.169 0.089 -0.019 0.156 0.016 0.130 0.170 0.107 0.155 
<0.01 0.09 0.72 <0.01 0.75 0.01 <0.01 0.04 <0.01 
b* 
0.068 -0.016 0.138 0.040 -0.062 0.008 0.014 0.006 0.011 






















         
     Semimembranosus 
-0.064 -0.022 -0.069 -0.025 0.162 -0.034 -0.041 -0.125 -0.073 
0.22 0.67 0.18 0.63 <0.01 0.52 0.43 0.02 0.15 
     Adductor 
0.013 -0.016 -0.021 0.035 0.170 0.032 -0.016 -0.075 -0.019 
0.80 0.76 0.68 0.49 <0.01 0.53 0.75 0.14 0.71 
     Semitendinosus, light 
-0.086 -0.060 -0.018 -0.069 0.182 -0.009 -0.025 -0.140 -0.063 
0.10 0.24 0.73 0.18 <0.01 0.85 0.63 0.01 0.22 
      Semitendinosus, dark 
-0.020 -0.072 0.024 -0.023 0.208 0.012 0.004 -0.093 -0.026 
0.70 0.16 0.65 0.66 <0.0001 0.81 0.94 0.07 0.61 
     Biceps femoris 
-0.078 -0.050 -0.050 -0.074 0.138 -0.056 -0.056 -0.148 -0.097 
0.13 0.34 0.33 0.15 0.01 0.28 0.28 <0.01 0.06 
     Vastus lateralis 
-0.050 -0.030 -0.037 -0.062 0.144 -0.039 -0.023 -0.106 -0.062 
0.34 0.56 0.48 0.23 <0.01 0.45 0.66 0.04 0.23 
     Rectus femoris 
0.010 0.011 -0.009 -0.029 0.171 0.010 0.016 -0.042 -0.005 
0.85 0.83 0.86 0.57 <0.01 0.85 0.76 0.42 0.93 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a 
redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh muscle was 
determined on one measure per muscle. Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, 
medial side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, 
semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris 
(proximal face). 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective flop scores 
were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a score of 1 was 5.1 to 10 

























0.520 0.112 0.293 0.375 -0.018 0.248 0.259 0.283 0.301 
<0.0001 0.03 <0.0001 <0.0001 0.73 <0.0001 <0.0001 <0.0001 <0.0001 
Pumped 
weight 
0.468 0.098 0.276 0.331 -0.066 0.221 0.242 0.264 0.276 
<0.0001 0.06 <0.0001 <0.0001 0.20 <0.0001 <0.0001 <0.0001 <0.0001 
Pump percent 
-0.067 -0.008 -0.009 -0.080 -0.175 -0.023 0.014 0.003 -0.003 




0.482 0.101 0.284 0.343 -0.059 0.228 0.248 0.271 0.284 
<0.0001 0.05 <0.0001 <0.0001 0.25 <0.0001 <0.0001 <0.0001 <0.0001 
Pump 
retention 
-0.039 -0.001 0.012 -0.057 -0.183 -0.007 0.033 0.022 0.017 
0.45 0.99 0.82 0.27 <0.01 0.90 0.53 0.67 0.74 
Stuffed 
weight 
0.474 0.099 0.271 0.338 -0.057 0.211 0.243 0.280 0.278 
<0.0001 0.06 <0.0001 <0.0001 0.28 <0.0001 <0.0001 <0.0001 <0.0001 
Stuffed yield 
-0.104 -0.029 -0.057 -0.065 -0.111 -0.065 -0.026 0.002 -0.037 




0.471 0.103 0.270 0.332 -0.051 0.214 0.244 0.266 0.275 




0.474 0.111 0.272 0.330 -0.056 0.220 0.248 0.273 0.281 
<0.0001 0.03 <0.0001 <0.0001 0.28 <0.0001 <0.0001 <0.0001 <0.0001 
Cooked yield 
0.011 0.026 0.008 -0.014 -0.098 0.014 0.040 0.042 0.036 




























         
     L* 
-0.070 -0.039 -0.078 -0.029 0.095 -0.051 -0.056 -0.142 -0.093 
0.18 0.45 0.14 0.58 0.07 0.33 0.28 0.01 0.08 
     a* 
0.103 0.090 0.034 0.042 -0.144 0.061 0.066 0.125 0.094 
0.05 0.09 0.51 0.43 0.01 0.25 0.20 0.02 0.07 
     b* 
0.062 0.088 -0.041 0.062 -0.014 0.075 0.072 0.076 0.085 
0.23 0.09 0.44 0.23 0.79 0.15 0.17 0.14 0.10 
Bind strength 
0.013 0.014 -0.108 0.039 0.186 0.053 0.105 0.066 0.084 
0.81 0.79 0.04 0.47 <0.01 0.33 0.05 0.22 0.12 
Proximate Composition 
        
     Moisture, 
% 
-0.072 -0.176 0.033 -0.054 -0.005 -0.195 -0.167 -0.163 -0.202 
0.17 <0.01 0.53 0.30 0.92 <0.01 <0.01 <0.01 <0.0001 
     Lipid, % 
0.059 0.204 0.025 0.050 0.023 0.164 0.174 0.140 0.183 
0.26 <0.0001 0.64 0.34 0.65 <0.01 <0.01 0.01 <0.01 
     Protein, % 
-0.045 -0.064 -0.123 -0.002 0.041 -0.013 -0.051 0.005 -0.022 
0.39 0.22 0.02 0.97 0.43 0.81 0.33 0.92 0.67 
     PFF
4
 
-0.028 -0.003 -0.118 0.012 0.048 0.036 0.001 0.047 0.032 
0.60 0.95 0.02 0.81 0.35 0.49 0.99 0.36 0.53 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 cm 
and a score of 5 was greater than 25 cm. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
was determined on ham steaks as the average of 4 measurements. 
4





Table G.8. Hot season population Pearson correlation coefficients of loin weight, pH, water holding 















Ham Weight, 1 d 
0.765 -0.097 -0.167 0.099 0.143 -0.220 -0.200 
<0.0001 0.06 <0.0001 0.06 0.01 <0.0001 <0.01 
Pre-trim weight 
0.751 -0.092 -0.166 0.106 0.125 -0.234 -0.207 
<0.0001 0.08 <0.01 0.04 0.02 <0.0001 <0.0001 
Post-trim weight 
0.798 -0.060 -0.129 0.133 0.139 -0.250 -0.176 
<0.0001 0.25 0.01 0.01 0.01 <0.0001 <0.01 
Inside weight 
0.703 -0.063 -0.068 0.092 0.120 -0.231 -0.129 
<0.0001 0.23 0.19 0.08 0.02 <0.0001 0.01 
Outside weight 
0.657 -0.049 -0.042 0.068 0.107 -0.199 -0.107 
<0.0001 0.35 0.42 0.19 0.04 <0.01 0.04 
Knuckle weight 
0.577 -0.075 -0.028 0.027 0.075 -0.183 -0.164 
<0.0001 0.15 0.59 0.60 0.15 <0.01 <0.01 
Shank weight 
0.577 -0.053 -0.131 0.037 0.096 -0.165 -0.172 
<0.0001 0.31 0.01 0.47 0.07 <0.01 <0.01 
Lite butt weight 
0.163 -0.002 -0.015 -0.062 0.070 -0.003 0.026 
<0.01 0.96 0.77 0.23 0.19 0.95 0.62 
Gluteus profundus 
       
     L* 
-0.260 0.021 -0.069 -0.261 0.038 0.299 0.087 
<0.0001 0.69 0.01 <0.0001 0.47 <0.0001 0.10 
     a* 
0.039 -0.001 -0.045 -0.128 0.072 0.054 0.005 
0.12 0.99 0.07 0.01 0.17 0.30 0.93 
     b* 
-0.104 0.173 -0.094 -0.014 0.017 0.154 0.142 
<0.0001 <0.01 <0.01 0.79 0.75 <0.01 0.01 
Gluteus medius 
       
     L* 
-0.162 -0.038 -0.328 -0.459 0.245 0.452 0.107 
<0.0001 0.47 <0.0001 <0.0001 <0.0001 <0.0001 0.04 
     a* 
0.055 -0.093 -0.034 -0.025 0.021 -0.020 -0.098 
0.03 0.07 0.17 0.62 0.69 0.69 0.06 
     b* 
0.092 0.047 -0.285 -0.038 0.156 0.157 0.094 
<0.01 0.36 <0.0001 0.47 <0.01 <0.01 0.07 
Semimembranosus 
       
     L* 
-0.048 -0.081 -0.385 -0.296 0.252 0.319 0.034 
0.35 0.12 <0.0001 <0.0001 <0.0001 <0.0001 0.51 
     a* 
0.262 -0.128 -0.122 -0.020 0.184 -0.002 0.019 
<0.0001 0.01 0.02 0.71 <0.01 0.98 0.71 
     b* 
0.155 -0.113 -0.288 -0.233 0.231 0.167 -0.031 






Table G.8. Continued. Hot season population Pearson correlation coefficients of loin weight, pH, 

















       
     L* 
-0.290 0.012 -0.282 -0.363 0.259 0.427 0.207 
<0.0001 0.82 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.092 0.009 -0.021 -0.019 0.051 0.019 -0.050 
0.07 0.86 0.68 0.72 0.34 0.71 0.34 
     b* 
-0.108 0.098 -0.166 -0.243 0.164 0.277 0.160 
0.04 0.06 <0.01 <0.0001 <0.01 <0.0001 <0.01 
Semitendinosus, light 
      
     L* 
-0.090 -0.113 -0.155 -0.139 0.061 0.105 -0.050 
0.08 0.03 <0.01 0.01 0.25 0.04 0.34 
     a* 
-0.018 -0.003 0.013 0.012 -0.033 0.038 0.032 
0.72 0.96 0.80 0.81 0.53 0.47 0.54 
     b* 
-0.073 -0.088 -0.114 -0.116 -0.036 0.068 -0.029 
0.16 0.09 0.03 0.03 0.49 0.19 0.58 
Semitendinosus, dark 
      
     L* 
-0.133 0.115 -0.128 -0.174 0.114 0.223 0.176 
0.01 0.03 0.01 <0.01 0.03 <0.0001 <0.01 
     a* 
0.091 -0.163 -0.039 0.076 0.037 -0.064 -0.237 
0.08 <0.01 0.45 0.15 0.48 0.22 <0.0001 
     b* 
0.020 -0.058 -0.141 -0.013 0.119 0.072 -0.070 
0.69 0.27 0.01 0.81 0.02 0.17 0.18 
Biceps femoris 
       
     L* 
-0.083 0.015 -0.369 -0.338 0.263 0.456 0.107 
0.11 0.77 <0.0001 <0.0001 <0.0001 <0.0001 0.04 
     a* 
0.176 -0.146 -0.175 -0.142 0.184 0.038 -0.050 
<0.01 0.01 <0.01 0.01 <0.01 0.47 0.34 
     b* 
0.126 -0.094 -0.374 -0.314 0.316 0.299 0.022 
0.01 0.07 <0.0001 <0.0001 <0.0001 <0.0001 0.67 
Vastus lateralis 
       
     L* 
-0.165 0.083 -0.232 -0.321 0.155 0.371 0.201 
<0.01 0.11 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 
     a* 
0.032 -0.032 -0.063 0.050 0.098 0.010 -0.064 
0.53 0.54 0.22 0.34 0.06 0.85 0.22 
     b* 
0.010 0.010 -0.139 -0.165 0.075 0.178 0.110 






Table G.8. Continued. Hot season population Pearson correlation coefficients of loin weight, pH, 

















       
     L* 
-0.238 0.002 -0.302 -0.407 0.272 0.463 0.209 
<0.0001 0.96 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     a* 
0.168 -0.067 -0.109 0.109 0.052 -0.035 -0.070 
<0.01 0.20 0.03 0.04 0.33 0.51 0.18 
     b* 
0.079 -0.079 -0.292 -0.216 0.207 0.245 0.102 
0.13 0.13 <0.0001 <0.0001 <0.0001 <0.0001 0.05 
pH 
       
     
Semimembranosus 
-0.108 0.068 0.577 0.600 -0.412 -0.557 -0.225 
0.04 0.19 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Adductor 
-0.007 0.065 0.552 0.612 -0.444 -0.603 -0.252 
0.89 0.21 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.106 -0.006 0.605 0.572 -0.423 -0.569 -0.213 
0.04 0.91 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
dark 
-0.053 -0.025 0.556 0.524 -0.414 -0.553 -0.240 
0.30 0.63 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Biceps femoris 
-0.120 0.051 0.571 0.580 -0.432 -0.562 -0.220 
0.02 0.33 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Vastus lateralis 
-0.071 -0.008 0.565 0.596 -0.434 -0.571 -0.231 
0.17 0.87 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
     Rectus femoris 
0.017 -0.036 0.438 0.507 -0.354 -0.514 -0.196 
0.74 0.49 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness 
(greater a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more 
yellow color). Instrumental color on fresh muscle was determined on one measure per muscle. 
Instrumental color and ultimate pH was measured on: the semimembranosus (blonde spot, medial side), 
adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was 
removed, semitendinosus light (medial edge of the distal end), biceps femoris (medial side), vastus 
lateralis (proximal edge), and rectus femoris (proximal face). 
3





Table G.9. Hot season population Pearson correlation coefficients of subjective loin color, 
















Ham Weight, 1 d 
-0.164 -0.317 0.012 0.014 -0.037 0.028 
<0.0001 <0.0001 0.50 0.79 0.48 0.59 
Pre-trim weight 
-0.195 -0.242 0.017 0.026 -0.031 0.034 
<0.01 <0.0001 0.75 0.62 0.55 0.51 
Post-trim weight 
-0.224 -0.327 -0.028 -0.011 -0.106 0.002 
<0.0001 <0.0001 0.59 0.83 0.04 0.97 
Inside weight 
-0.234 -0.415 -0.058 0.000 -0.230 -0.023 
<0.0001 <0.0001 0.26 1.00 <0.0001 0.66 
Outside weight 
-0.123 -0.332 -0.045 0.057 -0.169 0.006 
0.02 <0.0001 0.38 0.28 <0.01 0.91 
Knuckle weight 
-0.090 -0.199 0.043 0.082 -0.084 -0.017 
0.08 <0.0001 0.41 0.12 0.10 0.75 
Shank weight 
-0.157 -0.193 -0.069 -0.017 -0.034 0.039 
<0.01 <0.01 0.18 0.75 0.51 0.45 
Lite butt weight 
-0.012 -0.052 0.050 0.000 -0.082 -0.042 
0.82 0.31 0.34 1.00 0.11 0.42 
Gluteus profundus 
      
     L* 
-0.035 0.172 -0.052 -0.122 0.091 -0.004 
0.05 <0.0001 <0.01 0.02 0.08 0.94 
     a* 
0.038 -0.018 0.014 0.016 0.041 -0.023 
0.03 0.30 0.44 0.77 0.43 0.66 
     b* 
-0.035 0.047 -0.035 -0.153 0.056 -0.015 
0.05 0.01 0.05 <0.01 0.28 0.77 
Gluteus medius 
      
     L* 
-0.230 0.117 -0.117 -0.362 0.078 -0.059 
<0.0001 <0.0001 <0.0001 <0.0001 0.13 0.25 
     a* 
0.202 0.066 0.052 0.169 0.089 0.138 
<0.0001 <0.01 <0.01 <0.01 0.09 0.01 
     b* 
-0.107 -0.008 -0.054 -0.260 0.051 0.045 
<0.0001 0.65 <0.01 <0.0001 0.33 0.39 
Semimembranosus 
      
     L* 
-0.294 -0.013 -0.100 -0.377 0.011 -0.116 
<0.0001 0.81 0.05 <0.0001 0.83 0.03 
     a* 
0.014 -0.187 -0.061 0.003 -0.145 -0.037 
0.78 <0.01 0.24 0.96 0.01 0.48 
     b* 
-0.200 -0.102 -0.080 -0.193 -0.066 -0.113 






Table G.9. Continued. Hot season population Pearson correlation coefficients of subjective 

















      
     L* 
-0.145 0.124 -0.079 -0.290 0.038 -0.009 
<0.01 0.02 0.12 <0.0001 0.47 0.86 
     a* 
0.163 -0.019 -0.039 0.023 0.035 -0.009 
<0.01 0.71 0.45 0.66 0.50 0.86 
     b* 
0.008 0.087 -0.114 -0.170 0.047 -0.012 
0.88 0.09 0.03 <0.01 0.37 0.83 
Semitendinosus, light 
     
     L* 
-0.026 0.199 -0.003 -0.090 0.143 0.029 
0.62 <0.0001 0.96 0.08 0.01 0.58 
     a* 
0.164 0.065 0.031 0.047 0.033 0.066 
<0.01 0.21 0.55 0.37 0.53 0.21 
     b* 
0.115 0.261 0.093 -0.010 0.184 0.033 
0.03 <0.0001 0.07 0.85 <0.01 0.53 
Semitendinosus, dark 
     
     L* 
-0.218 0.099 -0.014 -0.219 0.050 0.043 
<0.0001 0.05 0.78 <0.0001 0.34 0.41 
     a* 
0.090 0.036 0.031 -0.025 0.083 -0.037 
0.08 0.49 0.54 0.63 0.11 0.48 
     b* 
-0.092 0.052 0.024 -0.156 0.087 0.005 
0.07 0.31 0.65 <0.01 0.09 0.93 
Biceps femoris 
      
     L* 
-0.308 0.035 -0.117 -0.402 0.032 -0.002 
<0.0001 0.50 0.02 <0.0001 0.53 0.96 
     a* 
0.035 -0.119 -0.010 -0.060 -0.064 -0.024 
0.50 0.02 0.84 0.25 0.22 0.65 
     b* 
-0.167 -0.091 -0.057 -0.311 -0.051 -0.048 
<0.01 0.08 0.27 <0.0001 0.33 0.36 
Vastus lateralis 
      
     L* 
-0.228 0.050 -0.031 -0.315 -0.043 -0.025 
<0.0001 0.33 0.54 <0.0001 0.41 0.63 
     a* 
0.145 0.029 -0.030 0.093 0.043 0.032 
<0.01 0.57 0.56 0.07 0.41 0.54 
     b* 
-0.109 -0.078 -0.046 -0.046 -0.115 -0.035 






Table G.9. Continued. Hot season population Pearson correlation coefficients of subjective 

















      
     L* 
-0.179 0.120 -0.050 -0.269 0.046 -0.014 
<0.01 0.02 0.34 <0.0001 0.38 0.79 
     a* 
0.007 -0.078 -0.030 0.023 0.003 0.077 
0.90 0.13 0.56 0.66 0.95 0.14 
     b* 
-0.127 -0.087 -0.074 -0.128 -0.073 0.031 
0.01 0.09 0.15 0.01 0.16 0.55 
pH 
      
     Semimembran-
osus 
0.259 0.171 0.132 0.372 0.198 0.083 
<0.0001 <0.01 0.01 <0.0001 <0.01 0.11 
     Adductor 
0.234 0.120 0.090 0.359 0.142 0.061 
<0.0001 0.02 0.08 <0.0001 0.01 0.24 
     Semitendino-
sus, light  
0.309 0.163 0.087 0.418 0.157 0.074 
<0.0001 <0.01 0.09 <0.0001 <0.01 0.16 
     Semitendino-
sus, dark 
0.274 0.120 0.045 0.432 0.129 0.094 
<0.0001 0.02 0.38 <0.0001 0.01 0.07 
     Biceps femoris 
0.273 0.152 0.092 0.412 0.151 0.062 
<0.0001 <0.01 0.07 <0.0001 <0.01 0.23 
     Vastus lateralis 
0.241 0.118 0.080 0.376 0.148 0.066 
<0.0001 0.02 0.12 <0.0001 <0.01 0.21 
     Rectus femoris 
0.142 0.026 0.052 0.307 0.080 0.055 
0.01 0.61 0.31 <0.0001 0.12 0.29 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color on fresh muscle was determined on one 
measure per muscle. Instrumental color and ultimate pH was measured on: the 
semimembranosus (blonde spot, medial side), adductor (proximal face), semitendinosus dark 
portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal 





Table G.10. Hot season population Pearson correlation coefficients instrumental loin color 




1 d 20d 
Variable L* a* b* L* a* b* 
Ham Weight, 1 d 
-0.190 0.011 0.023 -0.095 -0.118 -0.075 
<0.0001 0.66 0.35 0.07 0.02 0.15 
Pre-trim weight 
-0.102 -0.076 0.039 -0.105 -0.116 -0.078 
0.05 0.14 0.45 0.04 0.03 0.14 
Post-trim weight 
-0.151 -0.118 -0.005 -0.122 -0.126 -0.083 
<0.01 0.02 0.92 0.02 0.01 0.11 
Inside weight 
-0.180 -0.193 -0.086 -0.150 -0.216 -0.181 
<0.01 <0.01 0.10 <0.01 <0.0001 <0.01 
Outside weight 
-0.209 -0.151 -0.132 -0.178 -0.141 -0.147 
<0.0001 <0.01 0.01 <0.01 0.01 <0.01 
Knuckle weight 
-0.156 -0.073 -0.050 -0.151 -0.116 -0.121 
<0.01 0.16 0.34 <0.01 0.02 0.02 
Shank weight 
-0.062 -0.060 -0.001 -0.004 -0.072 -0.016 
0.23 0.24 0.99 0.94 0.17 0.76 
Lite butt weight 
-0.050 0.047 0.025 -0.094 -0.074 -0.116 
0.34 0.37 0.63 0.07 0.15 0.03 
Gluteus profundus 
      
     L* 
0.215 -0.023 0.055 0.271 0.022 0.112 
<0.0001 0.35 0.03 <0.0001 0.67 0.03 
     a* 
-0.004 0.121 0.064 0.002 0.089 0.042 
0.88 <0.0001 0.01 0.97 0.09 0.42 
     b* 
0.123 0.066 0.127 0.178 0.035 0.148 
<0.0001 0.01 <0.0001 <0.01 0.50 <0.01 
Gluteus medius 
      
     L* 
0.453 -0.036 0.246 0.522 0.122 0.304 
<0.0001 0.16 <0.0001 <0.0001 0.02 <0.0001 
     a* 
-0.199 0.331 0.023 -0.161 0.281 0.077 
<0.0001 <0.0001 0.35 <0.01 <0.0001 0.14 
     b* 
0.139 0.137 0.247 0.271 0.207 0.319 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Semimembranosus 
      
     L* 
0.378 0.042 0.309 0.445 0.139 0.323 
<0.0001 0.42 <0.0001 <0.0001 0.01 <0.0001 
     a* 
-0.131 0.244 0.061 -0.060 0.261 0.155 
0.01 <0.0001 0.23 0.25 <0.0001 <0.01 
     b* 
0.190 0.152 0.285 0.244 0.204 0.303 






Table G.10. Continued. Hot season population Pearson correlation coefficients 
instrumental loin color with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Adductor 
      
     L* 
0.345 0.077 0.258 0.435 0.157 0.292 
<0.0001 0.13 <0.0001 <0.0001 <0.01 <0.0001 
     a* 
-0.120 0.244 0.043 -0.012 0.204 0.127 
0.02 <0.0001 0.41 0.82 <0.0001 0.01 
     b* 
0.132 0.167 0.193 0.259 0.213 0.265 
0.01 <0.01 <0.01 <0.0001 <0.0001 <0.0001 
Semitendinosus, light 
     
     L* 
0.205 0.032 0.195 0.215 0.128 0.202 
<0.0001 0.54 <0.01 <0.0001 0.01 <0.0001 
     a* 
-0.107 0.282 0.014 -0.058 0.124 0.028 
0.04 <0.0001 0.78 0.27 0.02 0.59 
     b* 
0.110 0.195 0.243 0.136 0.155 0.190 
0.03 <0.01 <0.0001 0.01 <0.01 <0.01 
Semitendinosus, dark 
     
     L* 
0.303 -0.011 0.252 0.304 -0.018 0.159 
<0.0001 0.83 <0.0001 <0.0001 0.74 <0.01 
     a* 
-0.053 0.173 0.062 0.009 0.215 0.151 
0.31 <0.01 0.23 0.86 <0.0001 <0.01 
     b* 
0.151 0.169 0.278 0.181 0.139 0.220 
<0.01 <0.01 <0.0001 <0.01 0.01 <0.0001 
Biceps femoris 
      
     L* 
0.451 -0.015 0.305 0.532 0.096 0.330 
<0.0001 0.77 <0.0001 <0.0001 0.06 <0.0001 
     a* 
-0.078 0.241 0.062 -0.012 0.295 0.176 
0.13 <0.0001 0.23 0.82 <0.0001 <0.01 
     b* 
0.236 0.169 0.274 0.326 0.223 0.323 
<0.0001 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
Vastus lateralis 
      
     L* 
0.361 -0.113 0.210 0.391 -0.043 0.153 
<0.0001 0.03 <0.0001 <0.0001 0.42 <0.01 
     a* 
-0.182 0.276 -0.065 -0.079 0.284 0.123 
<0.01 <0.0001 0.21 0.13 <0.0001 0.02 
     b* 
0.047 0.015 0.047 0.109 0.078 0.104 






Table G.10. Continued. Hot season population Pearson correlation coefficients 
instrumental loin color with fresh ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Rectus femoris 
      
     L* 
0.445 -0.119 0.175 0.416 0.026 0.162 
<0.0001 0.02 <0.01 <0.0001 0.62 <0.01 
     a* 
-0.148 0.290 0.059 -0.093 0.247 0.110 
<0.01 <0.0001 0.25 0.07 <0.0001 0.03 
     b* 
0.155 0.012 0.105 0.158 0.153 0.152 
<0.01 0.82 0.04 <0.01 <0.01 <0.01 
pH 
      
     Semimembran-
osus 
-0.303 -0.047 -0.259 -0.443 -0.197 -0.296 
<0.0001 0.36 <0.0001 <0.0001 <0.01 <0.0001 
     Adductor 
-0.338 -0.078 -0.260 -0.450 -0.219 -0.295 
<0.0001 0.13 <0.0001 <0.0001 <0.0001 <0.0001 
     Semitendinosus, 
light  
-0.384 -0.047 -0.322 -0.482 -0.148 -0.279 
<0.0001 0.36 <0.0001 <0.0001 <0.01 <0.0001 
     Semitendinosus, 
dark 
-0.370 -0.047 -0.300 -0.463 -0.157 -0.281 
<0.0001 0.36 <0.0001 <0.0001 <0.01 <0.0001 
     Biceps femoris 
-0.312 -0.038 -0.252 -0.457 -0.200 -0.306 
<0.0001 0.46 <0.0001 <0.0001 <0.01 <0.0001 
     Vastus lateralis 
-0.334 -0.028 -0.243 -0.444 -0.168 -0.264 
<0.0001 0.58 <0.0001 <0.0001 <0.01 <0.0001 
     Rectus femoris 
-0.267 -0.022 -0.130 -0.408 -0.174 -0.251 
<0.0001 0.67 0.01 <0.0001 <0.01 <0.0001 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* 
value indicates a more yellow color). Instrumental color on fresh ham muscles was 
determined on one measure per muscle. Instrumental color on the loin was determined as 
the average of 2 measurements on the ventral surface of the loin. Instrumental color and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head 
of the femur was removed, semitendinosus light (medial edge of the distal end), biceps 
femoris (medial side), vastus lateralis (proximal edge), and rectus femoris (proximal face). 





Table G.11. Hot season population Pearson correlation coefficients of loin weight, pH, water 






min pH, 1 d pH, 20 d 
Purge 
loss, 20 d 
Cook 




0.721 -0.054 -0.040 0.081 0.102 -0.230 -0.143 
<0.0001 0.30 0.44 0.12 0.05 <0.0001 0.01 
Pumped 
weight 
0.674 -0.027 -0.019 0.040 0.065 -0.225 -0.137 
<0.0001 0.60 0.71 0.44 0.22 <0.0001 0.01 
Pump 
percent 
-0.032 0.080 0.075 -0.126 -0.107 -0.026 -0.004 




0.687 -0.032 -0.019 0.047 0.067 -0.234 -0.145 
<0.0001 0.54 0.71 0.36 0.20 <0.0001 0.01 
Pump 
retention 
-0.002 0.080 0.075 -0.126 -0.123 -0.061 -0.034 
0.97 0.13 0.15 0.02 0.02 0.24 0.52 
Stuffed 
weight 
0.680 -0.022 -0.018 0.048 0.063 -0.233 -0.144 
<0.0001 0.67 0.74 0.36 0.23 <0.0001 0.01 
Stuffed yield 
-0.109 0.046 0.065 -0.126 -0.096 0.008 -0.022 




0.662 -0.010 0.030 0.078 0.008 -0.285 -0.149 




0.664 -0.012 0.030 0.085 0.008 -0.286 -0.161 
<0.0001 0.81 0.56 0.10 0.88 <0.0001 <0.01 
Cooked yield 
0.005 0.067 0.171 -0.110 -0.211 -0.182 -0.097 




       
     L* 
-0.098 0.075 -0.193 -0.088 0.126 0.173 0.153 
0.06 0.15 <0.01 0.09 0.02 <0.01 <0.01 
     a* 
0.100 -0.090 0.026 -0.023 -0.074 -0.053 -0.086 
0.05 0.09 0.61 0.66 0.17 0.32 0.10 
     b* 
0.026 -0.119 -0.361 -0.307 0.232 0.311 0.070 
0.62 0.02 <0.0001 <0.0001 <0.0001 <0.0001 0.19 
Bind strength 
0.004 0.008 -0.119 -0.058 0.124 0.092 0.168 






Table G.11. Continued. Hot season population Pearson correlation coefficients of loin weight, 







min pH, 1 d pH, 20 d 
Purge 
loss, 20 d 
Cook 




      
     Moisture, 
% 
0.188 0.017 0.204 0.283 -0.146 -0.271 -0.060 
<0.01 0.75 <0.0001 <0.0001 0.01 <0.0001 0.25 
     Lipid, % 
-0.263 -0.002 -0.107 -0.229 -0.016 0.165 -0.022 
<0.0001 0.97 0.04 <0.0001 0.77 <0.01 0.68 
     Protein, 
% 
0.068 -0.008 -0.125 -0.053 0.232 0.172 0.139 
0.19 0.88 0.02 0.31 <0.0001 <0.01 0.01 
     PFF
4
 
-0.009 -0.009 -0.158 -0.123 0.232 0.225 0.137 
0.86 0.87 <0.01 0.02 <0.0001 <0.0001 0.01 
1 




 SSF = slice shear force. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures 
redness (greater a* value indicates a redder color). b* measures yellowness (greater b* value 
indicates a more yellow color). Instrumental color was determined on ham steaks as the average of 
4 measurements. 
4





Table G.12. Hot season population Pearson correlation coefficients of subjective loin 

















-0.166 -0.366 -0.028 0.061 -0.188 -0.006 
<0.01 <0.0001 0.58 0.24 <0.01 0.91 
Pumped 
weight 
-0.162 -0.363 -0.058 0.088 -0.208 -0.010 
<0.01 <0.0001 0.26 0.09 <0.0001 0.84 
Pump 
percent 
-0.011 -0.042 -0.073 0.103 -0.098 -0.017 




-0.162 -0.368 -0.053 0.088 -0.207 -0.011 
<0.01 <0.0001 0.30 0.09 <0.0001 0.84 
Pump 
retention 
-0.010 -0.066 -0.074 0.121 -0.110 -0.022 
0.85 0.20 0.15 0.02 0.04 0.67 
Stuffed 
weight 
-0.158 -0.333 -0.027 0.076 -0.159 -0.016 
<0.01 <0.0001 0.60 0.15 <0.01 0.77 
Stuffed yield 
0.060 0.084 0.009 0.069 0.083 -0.031 




-0.130 -0.310 -0.027 0.109 -0.145 -0.009 




-0.129 -0.310 -0.021 0.109 -0.144 -0.010 
0.01 <0.0001 0.68 0.04 0.01 0.85 
Cooked yield 
0.092 0.069 0.019 0.154 0.086 -0.020 
0.08 0.19 0.72 <0.01 0.10 0.71 
Cured color 
      
     L* 
-0.204 0.048 -0.032 -0.290 0.048 -0.119 
<0.0001 0.36 0.54 <0.0001 0.36 0.02 
     a* 
0.219 -0.066 0.084 0.167 -0.046 0.130 
<0.0001 0.20 0.11 <0.01 0.38 0.01 
     b* 
-0.028 -0.034 0.037 -0.255 0.004 0.016 
0.59 0.51 0.48 <0.0001 0.93 0.76 
Bind strength 
-0.009 0.016 -0.109 -0.133 0.007 -0.081 






Table G.12. Continued. Hot season population Pearson correlation coefficients of 


















     
     Moisture, 
% 
-0.051 -0.269 -0.084 0.081 -0.221 -0.025 
0.33 <0.0001 0.11 0.12 <0.0001 0.64 
     Lipid, % 
0.137 0.436 0.079 0.005 0.372 0.086 
0.01 <0.0001 0.13 0.93 <0.0001 0.10 
     Protein, % 
-0.112 -0.204 0.029 -0.156 -0.179 -0.097 
0.03 <0.0001 0.58 <0.01 <0.01 0.06 
     PFF
3
 
-0.072 -0.078 0.054 -0.158 -0.074 -0.073 
0.17 0.13 0.30 <0.01 0.16 0.17 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined on 
ham steaks as the average of 4 measurements. 
3





Table G.13. Hot season population Pearson correlation coefficients of instrumental 




1 d 20d 
Variable L* a* b* L* a* b* 
Green weight 
-0.205 -0.173 -0.111 -0.189 -0.191 -0.180 
<0.0001 <0.01 0.03 <0.01 <0.01 <0.01 
Pumped 
weight 
-0.190 -0.166 -0.106 -0.193 -0.258 -0.236 
<0.01 <0.01 0.04 <0.01 <0.0001 <0.0001 
Pump 
percent 
0.011 -0.005 0.000 -0.040 -0.272 -0.218 




-0.197 -0.169 -0.110 -0.199 -0.251 -0.234 
<0.01 <0.01 0.03 <0.01 <0.0001 <0.0001 
Pump 
retention 
-0.009 -0.017 -0.014 -0.068 -0.293 -0.250 
0.87 0.75 0.78 0.19 <0.0001 <0.0001 
Stuffed 
weight 
-0.193 -0.164 -0.094 -0.180 -0.227 -0.200 
<0.01 <0.01 0.07 <0.01 <0.0001 <0.01 
Stuffed yield 
0.016 0.108 0.069 -0.010 -0.114 -0.096 




-0.220 -0.160 -0.112 -0.215 -0.244 -0.225 




-0.215 -0.164 -0.112 -0.212 -0.248 -0.226 
<0.0001 <0.01 0.03 <0.0001 <0.0001 <0.0001 
Cooked yield 
-0.083 0.044 -0.008 -0.124 -0.198 -0.182 




      
     L* 
0.269 -0.139 0.134 0.347 0.007 0.231 
<0.0001 0.01 0.01 <0.0001 0.89 <0.0001 
     a* 
-0.227 0.217 -0.089 -0.248 0.178 -0.058 
<0.0001 <0.0001 0.09 <0.0001 <0.01 0.27 
     b* 
0.138 0.127 0.174 0.263 0.324 0.357 
0.01 0.01 <0.01 <0.0001 <0.0001 <0.0001 
Bind strength 
0.007 0.032 0.054 0.115 0.084 0.135 






Table G.13. Continued. Hot season population Pearson correlation coefficients of 
instrumental loin color with processed ham characteristics
1,2
 
 1 d 20d 
Variable L* a* b* L* a* b* 
Proximate Composition 
     
     Moisture, 
% 
-0.191 -0.135 -0.197 -0.269 -0.222 -0.262 
<0.01 0.01 <0.01 <0.0001 <0.0001 <0.0001 
     Lipid, % 
0.210 0.163 0.191 0.230 0.165 0.208 
<0.0001 <0.01 <0.01 <0.0001 <0.01 <0.0001 
     Protein, % 
-0.012 -0.035 0.006 0.069 0.126 0.123 
0.81 0.50 0.91 0.19 0.02 0.02 
     PFF
3
 
0.049 0.013 0.062 0.138 0.176 0.186 
0.35 0.80 0.23 0.01 <0.01 <0.01 
1 




 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures yellowness 
(greater b* value indicates a more yellow color). Instrumental color was determined 
on ham steaks as the average of 4 measurements. Instrumental color of the loin was 
determined as the average of 2 measurements the ventral surface of the loin. 
3



































Weight, 1 d 
0.804 0.743 -0.051 0.758 -0.021 0.763 -0.109 0.747 0.748 0.030 
<0.0001 <0.0001 0.32 <0.0001 0.68 <0.0001 0.03 <0.0001 <0.0001 0.56 
Pre-trim weight 
0.801 0.739 -0.055 0.755 -0.025 0.759 -0.111 0.745 0.746 0.029 
<0.0001 <0.0001 0.28 <0.0001 0.62 <0.0001 0.03 <0.0001 <0.0001 0.57 
Post-trim weight 
0.860 0.794 -0.065 0.811 -0.035 0.818 -0.116 0.799 0.801 0.026 
<0.0001 <0.0001 0.20 <0.0001 0.48 <0.0001 0.02 <0.0001 <0.0001 0.61 
Inside weight 
0.918 0.884 0.057 0.895 0.091 0.890 -0.025 0.869 0.872 0.144 
<0.0001 <0.0001 0.27 <0.0001 0.07 <0.0001 0.63 <0.0001 <0.0001 <0.01 
Outside weight 
0.930 0.881 -0.001 0.894 0.029 0.882 -0.130 0.863 0.866 0.032 
<0.0001 <0.0001 0.99 <0.0001 0.57 <0.0001 0.01 <0.0001 <0.0001 0.54 
Knuckle weight 
0.795 0.754 0.025 0.767 0.059 0.776 -0.041 0.766 0.766 0.100 
<0.0001 <0.0001 0.62 <0.0001 0.24 <0.0001 0.42 <0.0001 <0.0001 0.05 
Shank weight 
0.597 0.541 -0.080 0.558 -0.044 0.561 -0.077 0.554 0.552 0.026 
<0.0001 <0.0001 0.11 <0.0001 0.38 <0.0001 0.13 <0.0001 <0.0001 0.62 
Lite butt weight 
0.317 0.328 0.107 0.328 0.122 0.327 0.037 0.324 0.326 0.094 
<0.0001 <0.0001 0.03 <0.0001 0.02 <0.0001 0.47 <0.0001 <0.0001 0.07 
Gluteus profundus 
          
 
     L* 
-0.259 -0.256 -0.048 -0.259 -0.059 -0.247 0.032 -0.263 -0.258 -0.048 
<0.0001 <0.0001 0.35 <0.0001 0.25 <0.0001 0.53 <0.0001 <0.0001 0.35 
 
     a* 
0.116 0.103 -0.015 0.110 0.007 0.101 0.011 0.087 0.088 -0.015 
0.02 0.04 0.76 0.03 0.90 0.05 0.83 0.09 0.08 0.77 
 
     b* 
-0.196 -0.158 0.090 -0.168 0.075 -0.162 0.135 -0.171 -0.165 0.069 





































          
 
     L* 
-0.134 -0.145 -0.067 -0.145 -0.078 -0.147 -0.025 -0.168 -0.171 -0.121 
0.01 <0.01 0.18 <0.01 0.12 <0.01 0.63 <0.01 <0.01 0.02 
 
     a* 
0.048 0.017 -0.096 0.025 -0.084 0.040 -0.009 0.029 0.025 -0.047 
0.34 0.73 0.06 0.62 0.10 0.44 0.86 0.57 0.63 0.36 
 
     b* 
-0.073 -0.065 0.013 -0.073 -0.013 -0.083 0.001 -0.083 -0.091 -0.049 
0.15 0.20 0.80 0.15 0.80 0.10 0.99 0.10 0.07 0.33 
Semimembranosus 
          
 
     L* 
-0.085 -0.108 -0.087 -0.109 -0.107 -0.118 -0.128 -0.141 -0.145 -0.201 
0.09 0.03 0.08 0.03 0.03 0.02 0.01 0.01 <0.01 <0.0001 
 
     a* 
0.161 0.143 -0.036 0.151 -0.015 0.167 0.033 0.152 0.148 0.004 
<0.01 <0.01 0.48 <0.01 0.77 <0.01 0.52 <0.01 <0.01 0.94 
 
     b* 
0.111 0.061 -0.143 0.072 -0.129 0.094 -0.087 0.064 0.058 -0.147 
0.03 0.23 <0.01 0.15 0.01 0.07 0.09 0.21 0.26 <0.01 
Adductor 
          
 
     L* 
-0.323 -0.315 -0.039 -0.321 -0.061 -0.274 0.134 -0.299 -0.300 -0.016 
<0.0001 <0.0001 0.44 <0.0001 0.23 <0.0001 0.01 <0.0001 <0.0001 0.75 
 
     a* 
0.016 0.009 -0.025 0.008 -0.031 -0.034 -0.106 -0.049 -0.048 -0.123 
0.75 0.87 0.62 0.88 0.54 0.51 0.04 0.33 0.34 0.02 
 
     b* 
-0.180 -0.166 0.013 -0.173 -0.003 -0.175 0.002 -0.203 -0.199 -0.095 





































         
 
     L* 
-0.096 -0.173 -0.292 -0.160 -0.293 -0.142 -0.175 -0.147 -0.155 -0.205 
0.06 <0.01 <0.0001 <0.01 <0.0001 0.01 <0.01 <0.01 <0.01 <0.0001 
 
     a* 
-0.086 -0.061 0.084 -0.068 0.074 -0.077 0.015 -0.066 -0.073 -0.002 
0.09 0.23 0.10 0.18 0.15 0.13 0.77 0.20 0.15 0.97 
 
     b* 
-0.112 -0.165 -0.202 -0.156 -0.204 -0.142 -0.158 -0.140 -0.153 -0.184 
0.03 <0.01 <0.0001 <0.01 <0.0001 0.01 <0.01 0.01 <0.01 <0.01 
Semitendinosus, dark 
         
 
     L* 
-0.187 -0.157 0.071 -0.167 0.050 -0.156 0.018 -0.166 -0.167 -0.052 
<0.01 <0.01 0.16 <0.01 0.33 <0.01 0.72 <0.01 <0.01 0.31 
 
     a* 
0.026 -0.052 -0.267 -0.037 -0.257 -0.020 -0.036 -0.024 -0.019 -0.042 
0.61 0.30 <0.0001 0.46 <0.0001 0.69 0.48 0.64 0.71 0.42 
 
     b* 
-0.086 -0.106 -0.086 -0.106 -0.099 -0.102 -0.001 -0.115 -0.114 -0.064 
0.09 0.04 0.09 0.04 0.05 0.05 0.98 0.02 0.03 0.21 
Biceps femoris 
          
 
     L* 
-0.176 -0.169 -0.009 -0.178 -0.042 -0.157 0.029 -0.177 -0.180 -0.067 
<0.01 <0.01 0.86 <0.01 0.41 <0.01 0.57 <0.01 <0.01 0.19 
 
     a* 
0.099 0.061 -0.103 0.069 -0.095 0.081 -0.044 0.048 0.050 -0.100 
0.05 0.23 0.04 0.17 0.06 0.11 0.39 0.35 0.32 0.05 
 
     b* 
0.001 -0.013 -0.031 -0.014 -0.044 -0.003 -0.005 -0.044 -0.044 -0.105 





































          
 
     L* 
-0.161 -0.179 -0.083 -0.181 -0.103 -0.151 0.035 -0.165 -0.166 -0.036 
<0.01 <0.01 0.10 <0.01 0.04 <0.01 0.50 <0.01 <0.01 0.48 
 
     a* 
-0.063 -0.084 -0.080 -0.081 -0.084 -0.085 -0.075 -0.095 -0.094 -0.114 
0.22 0.10 0.11 0.11 0.10 0.10 0.14 0.06 0.06 0.02 
 
     b* 
0.027 0.012 -0.044 0.014 -0.044 0.013 0.005 -0.002 -0.002 -0.032 
0.59 0.82 0.39 0.78 0.39 0.80 0.93 0.98 0.97 0.53 
Rectus femoris 
          
 
     L* 
-0.159 -0.188 -0.122 -0.187 -0.141 -0.176 -0.094 -0.199 -0.202 -0.186 
<0.01 <0.01 0.02 <0.01 0.01 <0.01 0.06 <0.0001 <0.0001 <0.01 
 
     a* 
0.048 0.014 -0.100 0.020 -0.100 0.038 -0.007 0.020 0.021 -0.051 
0.34 0.78 0.05 0.70 0.05 0.45 0.89 0.69 0.68 0.32 
 
     b* 
0.099 0.045 -0.170 0.054 -0.169 0.051 -0.143 0.016 0.013 -0.219 





































          
 
Semimembranosus 
-0.052 -0.044 0.010 -0.042 0.022 -0.050 0.053 -0.004 -0.003 0.165 
0.30 0.39 0.85 0.41 0.67 0.32 0.30 0.93 0.96 <0.01 
 
Adductor 
0.020 0.014 -0.029 0.022 -0.003 0.017 0.035 0.064 0.069 0.177 




-0.030 -0.043 -0.057 -0.036 -0.040 -0.045 -0.004 0.004 0.004 0.122 




0.028 0.020 -0.030 0.028 -0.004 0.022 0.021 0.069 0.069 0.148 
0.58 0.69 0.56 0.57 0.94 0.67 0.69 0.17 0.18 <0.01 
 
Biceps femoris 
-0.059 -0.049 0.007 -0.045 0.027 -0.056 0.059 -0.006 -0.005 0.175 
0.25 0.33 0.89 0.37 0.59 0.27 0.25 0.90 0.93 <0.01 
 
Vastus lateralis 
-0.044 -0.042 -0.013 -0.037 0.005 -0.036 0.069 0.011 0.015 0.191 
0.39 0.41 0.79 0.46 0.91 0.48 0.18 0.84 0.77 <0.01 
 
Rectus femoris 
0.017 0.028 0.020 0.034 0.053 0.028 0.075 0.074 0.074 0.196 
0.74 0.58 0.69 0.50 0.29 0.59 0.14 0.14 0.14 <0.01 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder 
color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on fresh ham muscles was determined on 
one measure per muscle. Instrumental color and ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial 
side), adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 





Table G.15. Hot season population Pearson correlation coefficients of fresh ham traits with processed ham  color, 











L* Cured a* Cured b* 
Moisture, 





Weight, 1 d 
-0.098 0.083 0.030 -0.036 0.034 -0.051 -0.025 -0.040 
0.05 0.10 0.55 0.49 0.50 0.32 0.63 0.43 
Pre-trim weight 
-0.083 0.074 0.028 -0.036 0.046 -0.062 -0.027 -0.046 
0.10 0.15 0.59 0.49 0.37 0.22 0.60 0.37 
Post-trim weight 
-0.061 0.044 0.026 -0.030 0.129 -0.156 -0.002 -0.049 
0.23 0.39 0.61 0.56 0.01 <0.01 0.96 0.34 
Inside weight 
-0.137 0.065 -0.048 -0.073 0.161 -0.204 0.017 -0.044 
0.01 0.20 0.35 0.17 <0.01 <0.0001 0.74 0.39 
Outside weight 
-0.134 0.082 -0.020 -0.032 0.059 -0.036 -0.049 -0.060 
0.01 0.11 0.70 0.54 0.25 0.48 0.34 0.24 
Knuckle weight 
-0.166 0.134 -0.002 -0.101 0.114 -0.151 0.011 -0.033 
<0.01 0.01 0.97 0.05 0.02 <0.01 0.83 0.52 
Shank weight 
-0.049 0.029 0.010 -0.084 0.139 -0.131 -0.043 -0.083 
0.34 0.57 0.84 0.11 0.01 0.01 0.40 0.10 
Lite butt weight 
-0.121 0.079 -0.075 -0.044 0.065 -0.036 -0.071 -0.083 
0.02 0.12 0.14 0.41 0.20 0.49 0.16 0.10 
Gluteus profundus 
       
 
     L* 
0.133 -0.116 0.113 0.002 -0.208 0.223 0.011 0.078 
0.01 0.02 0.03 0.96 <0.0001 <0.0001 0.83 0.12 
 
     a* 
-0.172 0.148 0.110 -0.022 -0.139 0.100 0.050 0.080 
<0.01 <0.01 0.03 0.68 0.01 0.05 0.32 0.12 
 
     b* 
0.133 -0.116 0.018 0.058 -0.098 0.105 -0.005 0.027 






Table G.15. Continued. Hot season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






       
 
     L* 
0.225 -0.169 0.287 0.039 -0.286 0.273 0.038 0.119 
<0.0001 <0.01 <0.0001 0.46 <0.0001 <0.0001 0.46 0.02 
 
     a* 
-0.252 0.349 0.156 -0.034 -0.160 0.133 0.024 0.065 
<0.0001 <0.0001 <0.01 0.51 <0.01 0.01 0.64 0.21 
 
     b* 
0.161 -0.033 0.188 0.102 -0.139 0.137 -0.027 0.012 
<0.01 0.52 <0.01 0.05 0.01 0.01 0.59 0.81 
Semimembranosus 
       
 
     L* 
0.242 -0.092 0.299 -0.009 -0.260 0.198 0.099 0.159 
<0.0001 0.07 <0.0001 0.86 <0.0001 <0.0001 0.05 <0.01 
 
     a* 
-0.223 0.263 0.150 0.070 -0.007 -0.043 0.055 0.044 
<0.0001 <0.0001 <0.01 0.19 0.89 0.40 0.28 0.39 
 
     b* 
0.012 0.039 0.287 -0.012 -0.232 0.127 0.175 0.216 
0.81 0.45 <0.0001 0.81 <0.0001 0.01 <0.01 <0.0001 
Adductor 
        
 
     L* 
0.267 -0.205 0.239 0.034 -0.240 0.188 0.096 0.154 
<0.0001 <0.0001 <0.0001 0.51 <0.0001 <0.01 0.06 <0.01 
 
     a* 
-0.150 0.234 0.099 0.029 -0.164 0.115 0.072 0.108 
<0.01 <0.0001 0.05 0.58 <0.01 0.02 0.16 0.03 
 
     b* 
0.094 -0.018 0.173 0.035 -0.250 0.183 0.098 0.155 






Table G.15. Continued. Hot season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






       
 
     L* 
0.101 -0.104 0.172 -0.046 -0.399 0.411 0.028 0.151 
0.05 0.04 <0.01 0.38 <0.0001 <0.0001 0.59 <0.01 
 
     a* 
-0.135 0.197 0.044 0.066 -0.008 0.045 -0.061 -0.048 
0.01 <0.0001 0.38 0.21 0.88 0.38 0.23 0.35 
 
     b* 
0.026 -0.003 0.184 -0.057 -0.389 0.407 -0.009 0.113 
0.61 0.96 <0.01 0.28 <0.0001 <0.0001 0.87 0.03 
Semitendinosus, dark 
       
 
     L* 
0.131 -0.107 0.053 0.075 -0.179 0.244 -0.071 0.002 
0.01 0.04 0.30 0.15 <0.01 <0.0001 0.16 0.97 
 
     a* 
-0.043 0.054 0.176 0.070 -0.151 0.073 0.128 0.152 
0.40 0.29 <0.01 0.19 <0.01 0.15 0.01 <0.01 
 
     b* 
0.066 -0.035 0.108 0.116 -0.194 0.176 0.028 0.082 
0.19 0.49 0.03 0.03 <0.01 <0.01 0.59 0.11 
Biceps femoris 
       
 
     L* 
0.297 -0.159 0.257 0.058 -0.214 0.191 0.046 0.104 
<0.0001 <0.01 <0.0001 0.27 <0.0001 <0.01 0.37 0.04 
 
     a* 
-0.184 0.283 0.289 0.045 -0.179 0.076 0.121 0.145 
<0.01 <0.0001 <0.0001 0.39 <0.01 0.14 0.02 <0.01 
 
     b* 
0.050 0.115 0.373 0.045 -0.237 0.146 0.106 0.151 






Table G.15. Continued. Hot season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






      
 
     L* 
0.291 -0.209 0.180 0.109 -0.146 0.135 0.035 0.076 
<0.0001 <0.0001 <0.01 0.04 <0.01 0.01 0.50 0.14 
 
     a* 
-0.187 0.196 0.069 0.040 -0.062 -0.001 0.093 0.094 
<0.01 <0.01 0.18 0.44 0.22 0.99 0.07 0.07 
 
     b* 
0.049 0.011 0.142 0.052 -0.062 -0.011 0.099 0.097 
0.34 0.84 0.01 0.32 0.22 0.83 0.05 0.06 
Rectus femoris 
      
 
     L* 
0.285 -0.225 0.222 0.037 -0.298 0.275 0.060 0.143 
<0.0001 <0.0001 <0.0001 0.48 <0.0001 <0.0001 0.24 0.01 
 
     a* 
-0.170 0.192 0.039 0.093 -0.025 -0.036 0.084 0.076 
<0.01 <0.01 0.45 0.08 0.62 0.48 0.10 0.14 
 
     b* 
0.078 -0.036 0.205 0.055 -0.203 0.079 0.192 0.220 






Table G.15. Continued. Hot season population Pearson correlation coefficients of fresh ham traits with processed 
ham  color, bind strength, and proximate composition
1,2
 






L* Cured a* Cured b* 
Moisture, 






        
 
Semimembranosus 
-0.073 -0.116 -0.467 -0.036 0.296 -0.107 -0.239 -0.276 
0.15 0.02 <0.0001 0.49 <0.0001 0.04 <0.0001 <0.0001 
 
Adductor 
-0.134 -0.087 -0.466 -0.041 0.311 -0.145 -0.201 -0.249 




-0.139 -0.049 -0.366 -0.040 0.257 -0.111 -0.170 -0.207 




-0.189 -0.015 -0.361 -0.009 0.262 -0.118 -0.188 -0.227 
<0.01 0.77 <0.0001 0.86 <0.0001 0.02 <0.01 <0.0001 
 
Biceps femoris 
-0.137 -0.056 -0.449 -0.043 0.289 -0.114 -0.222 -0.260 
0.01 0.27 <0.0001 0.41 <0.0001 0.02 <0.0001 <0.0001 
 
Vastus lateralis 
-0.118 -0.078 -0.423 -0.064 0.294 -0.127 -0.212 -0.254 
0.02 0.12 <0.0001 0.22 <0.0001 0.01 <0.0001 <0.0001 
 
Rectus femoris 
-0.119 -0.082 -0.404 0.036 0.310 -0.166 -0.183 -0.236 
0.02 0.11 <0.0001 0.49 <0.0001 <0.01 <0.01 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles and 
ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 
(medial edge of the distal end), biceps femoris (medial side), vastus lateralis (proximal edge), and rectus femoris 
(proximal face). Instrumental color cured ham was determined on as the average of 4 measurements on a ham steak. 
3





Table G.16. Hot season population Pearson correlation coefficients of loin pH, 




min pH, 1 d pH, 20 d 
Purge 








0.008 -0.147 0.172 0.128 -0.267 -0.176 
0.88 <0.0001 <0.01 0.01 <0.0001 <0.01 
pH, 31 
min   
0.153 0.056 -0.054 -0.037 0.166 
 
<0.01 0.29 0.31 0.49 <0.01 
pH, 1 d   
0.587 -0.526 -0.598 -0.172 
  
<0.0001 <0.0001 <0.0001 <0.01 
pH, 20 d    
-0.336 -0.670 -0.252 
   




    
0.509 0.233 





     
0.418 
     
<0.0001 
1 









Table G.17. Hot season population Pearson correlation coefficients of loin color, marbling, and firmness
1,2 
 
      











20 d L* a* b* L* a* b* 
Color, 1 
d 
0.437 0.223 0.445 0.236 0.211 -0.480 0.289 -0.350 -0.427 0.134 -0.185 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.01 
Marbling, 
1 d  
0.269 0.281 0.628 0.151 0.167 0.139 0.075 0.010 0.116 0.084 
 
<0.0001 <0.0001 <0.0001 <0.01 <0.0001 <0.0001 <0.01 0.85 0.03 0.11 
Firmness, 
1 d   
0.197 0.209 0.070 -0.094 0.066 0.016 -0.198 -0.080 -0.154 
  
<0.01 <0.0001 0.18 <0.01 0.01 0.52 <0.01 0.12 <0.01 
Color, 20 
d    
0.220 0.184 -0.432 0.048 -0.358 -0.701 -0.144 -0.483 
   
<0.0001 <0.01 <0.0001 0.36 <0.0001 <0.0001 0.01 <0.0001 
Marbling, 
20 d     
0.165 0.027 0.208 0.067 -0.033 0.111 0.114 
    
<0.01 0.60 <0.0001 0.20 0.53 0.03 0.03 
Firmness, 
20 d      
-0.122 0.131 -0.103 -0.165 0.083 -0.069 
     
0.02 0.01 0.05 <0.01 0.11 0.18 
1d 
           
     L*       
-0.222 0.638 0.661 0.011 0.321 
      
<0.0001 <0.0001 <0.0001 0.83 <0.0001 
     a*        
0.357 -0.063 0.438 0.241 
       
<0.0001 0.23 <0.0001 <0.0001 
     b*         
0.493 0.168 0.436 
        
<0.0001 <0.01 <0.0001 
1d 
           
     L*          
0.124 0.633 
         
0.02 <0.0001 
     a* 
          
0.752 
          
<0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value indicates a redder color). 
b* measures yellowness (greater b* value indicates a more yellow color). Instrumental loin color was determined as the average of 2 





Table G.18. Hot season population Pearson correlation 
coefficients of carcass composition with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2
 






-0.213 -0.573 -0.020 0.526 




-0.246 -0.571 -0.057 0.515 




-0.323 -0.531 -0.045 0.474 
<0.0001 <0.0001 0.38 <0.0001 
SFA 
0.395 0.219 0.203 -0.127 
<0.0001 <0.0001 <0.0001 0.01 
MUFA 
-0.300 0.211 -0.282 -0.300 
<0.0001 <0.0001 <0.0001 <0.0001 
PUFA 
0.004 -0.575 0.198 0.605 
0.94 <0.0001 <0.01 <0.0001 
USFA:SFA 
-0.401 -0.212 -0.202 0.121 
<0.0001 <0.0001 <0.0001 0.02 
PUFA:SFA 
-0.261 -0.573 0.016 0.536 
<0.0001 <0.0001 0.76 <0.0001 
C 14:0, % 
0.089 0.262 -0.008 -0.245 
0.08 <0.0001 0.87 <0.0001 
C 15:0, % 
-0.220 -0.152 0.004 0.144 
<0.0001 <0.01 0.95 0.01 
C 16:0, % 
0.323 0.394 0.092 -0.330 
<0.0001 <0.0001 0.07 <0.0001 
C 16:1, % 
-0.277 0.245 -0.260 -0.325 
<0.0001 <0.0001 <0.0001 <0.0001 
C 17:0, % 
-0.503 -0.298 -0.273 0.165 
<0.0001 <0.0001 <0.0001 <0.01 
C 17:1, % 
-0.543 -0.086 -0.319 -0.047 
<0.0001 0.10 <0.0001 0.36 
C 18:0, % 
0.384 0.029 0.255 0.068 
<0.0001 0.57 <0.0001 0.19 
C 18:1 n9, 
% 
-0.283 0.203 -0.270 -0.288 
<0.0001 <0.0001 <0.0001 <0.0001 
C 18:2 n6, 
% 
0.045 -0.555 0.213 0.593 
0.38 <0.0001 <0.0001 <0.0001 
C 18:3 n6, 
% 
0.006 -0.265 0.096 0.277 





Table G.18. Continued. Hot season population Pearson 
correlation coefficients of carcass composition with iodine 
value and Fatty Acid Methyl Ester (FAME) composition
1,2
 
Variable HCW BF LD 
Percent 
Lean 
C 18:3 n3, 
% 
-0.645 -0.462 -0.242 0.330 
<0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.351 0.285 0.166 -0.204 
<0.0001 <0.0001 <0.01 <0.0001 
C 20:1 n9, 
% 
0.028 0.054 0.010 -0.048 
0.58 0.30 0.85 0.35 
C 20:2 n6, 
% 
0.234 -0.322 0.262 0.397 
<0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n6, 
% 
-0.167 -0.371 0.089 0.377 
<0.01 <0.0001 0.08 <0.0001 
C 20:4 n6, 
% 
-0.397 -0.394 -0.096 0.326 
<0.0001 <0.0001 0.06 <0.0001 
C 20:3 n3, 
% 
-0.322 -0.321 -0.031 0.283 
<0.0001 <0.0001 0.55 <0.0001 
C 20:5 n3, 
% 
-0.013 -0.064 0.091 0.088 
0.79 0.21 0.08 0.09 
C 22:0, % 
0.052 -0.056 0.083 0.088 
0.30 0.28 0.11 0.09 
C 22:1 n9, 
% 
0.085 -0.036 0.156 0.097 
0.09 0.48 <0.01 0.06 
C 22:4 n6, 
% 
0.137 -0.156 0.185 0.217 
<0.01 <0.01 <0.01 <0.0001 
C 22:5, % 
-0.291 -0.131 -0.128 0.070 
<0.0001 0.01 0.01 0.18 
1 
Upper row is the correlation coefficient between traits. P-
value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = 
saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to 





Table G.19. Hot season population Pearson correlation coefficients of loin weight, pH, water 




















0.066 0.046 0.037 -0.102 0.012 -0.005 0.130 




0.092 0.074 0.088 -0.036 0.050 -0.026 0.100 




-0.091 0.060 0.050 -0.240 -0.021 0.107 0.156 
0.08 0.25 0.33 <0.0001 0.69 0.04 <0.01 
SFA 
0.344 -0.078 -0.093 0.266 0.170 -0.165 -0.141 
<0.0001 0.13 0.07 <0.0001 <0.01 <0.01 0.01 
MUFA 
-0.457 0.058 0.092 -0.185 -0.237 0.165 0.059 
<0.0001 0.26 0.07 <0.01 <0.0001 <0.01 0.25 
PUFA 
0.312 0.001 -0.034 -0.020 0.171 -0.065 0.071 
<0.0001 0.98 0.51 0.70 <0.01 0.21 0.17 
USFA:SFA 
-0.348 0.070 0.096 -0.266 -0.167 0.168 0.140 
<0.0001 0.18 0.06 <0.0001 <0.01 <0.01 0.01 
PUFA:SFA 
0.014 0.055 0.039 -0.184 0.020 0.057 0.149 
0.79 0.29 0.45 <0.01 0.71 0.27 <0.01 
C 14:0, % 
0.025 -0.027 -0.009 0.235 0.035 -0.080 -0.097 
0.63 0.60 0.86 <0.0001 0.51 0.12 0.06 
C 15:0, % 
-0.134 -0.003 0.038 -0.146 0.032 0.157 0.032 
0.01 0.95 0.46 <0.01 0.54 <0.01 0.54 
C 16:0, % 
0.171 -0.087 -0.060 0.244 0.071 -0.117 -0.178 
<0.01 0.09 0.24 <0.0001 0.17 0.02 <0.01 
C 16:1, % 
-0.434 0.000 0.056 -0.176 -0.180 0.173 -0.010 
<0.0001 1.00 0.28 <0.01 <0.01 <0.01 0.85 
C 17:0, % 
-0.406 0.111 0.185 -0.068 -0.082 0.134 0.160 
<0.0001 0.03 <0.01 0.19 0.12 0.01 <0.01 
C 17:1, % 
-0.552 0.101 0.138 -0.177 -0.185 0.200 0.131 
<0.0001 0.05 0.01 <0.01 <0.01 <0.01 0.01 
C 18:0, % 
0.419 -0.057 -0.106 0.215 0.209 -0.169 -0.083 
<0.0001 0.27 0.04 <0.0001 <0.0001 <0.01 0.11 
C 18:1 n9, 
% 
-0.437 0.061 0.090 -0.178 -0.232 0.156 0.063 
<0.0001 0.24 0.08 <0.01 <0.0001 <0.01 0.23 
C 18:2 n6, 
% 
0.333 -0.022 -0.053 -0.032 0.180 -0.060 0.056 
<0.0001 0.67 0.31 0.54 <0.01 0.24 0.28 
C 18:3 n6, 
% 
0.140 0.069 -0.020 -0.131 0.101 0.062 0.045 





Table G.19. Continued. Hot season population Pearson correlation coefficients of loin weight, 

















C 18:3 n3, 
% 
-0.350 0.238 0.196 -0.043 -0.031 0.094 0.218 
<0.0001 <0.0001 <0.01 0.41 0.55 0.07 <0.0001 
C 20:0, % 
0.254 -0.087 -0.076 0.145 0.038 -0.140 -0.093 
<0.0001 0.09 0.14 <0.01 0.47 0.01 0.07 
C 20:1 n9, 
% 
0.039 -0.024 0.012 0.026 -0.037 -0.044 -0.016 
0.45 0.64 0.81 0.62 0.49 0.40 0.77 
C 20:2 n6, 
% 
0.446 -0.008 -0.034 0.165 0.116 -0.214 0.024 
<0.0001 0.88 0.51 <0.01 0.03 <0.0001 0.64 
C 20:3 n6, 
% 
0.071 0.105 0.111 0.063 -0.004 -0.110 0.101 
0.17 0.04 0.03 0.22 0.94 0.03 0.05 
C 20:4 n6, 
% 
-0.133 0.167 0.156 0.007 -0.095 -0.025 0.121 
0.01 <0.01 <0.01 0.90 0.07 0.63 0.02 
C 20:3 n3, 
% 
-0.083 0.172 0.106 0.094 0.004 -0.078 0.136 
0.11 <0.01 0.04 0.07 0.95 0.13 0.01 
C 20:5 n3, 
% 
0.000 0.057 -0.074 -0.047 0.106 0.088 0.076 
0.99 0.27 0.15 0.37 0.04 0.09 0.14 
C 22:0, % 
0.051 0.011 -0.023 -0.046 -0.024 -0.019 -0.038 
0.33 0.83 0.66 0.38 0.64 0.72 0.47 
C 22:1 n9, 
% 
0.142 -0.044 -0.041 -0.057 0.023 0.016 -0.004 
0.01 0.40 0.42 0.28 0.66 0.76 0.93 
C 22:4 n6, 
% 
0.297 0.049 0.025 0.227 0.063 -0.217 -0.032 
<0.0001 0.35 0.62 <0.0001 0.23 <0.0001 0.54 
C 22:5, % 
-0.196 0.176 0.054 -0.038 0.027 0.118 0.165 
<0.01 <0.01 0.29 0.47 0.61 0.02 <0.01 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of 
unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = ratio of 
polyunsaturated fatty acids to saturated fatty acids. 
3





Table G.20. Hot season population Pearson correlation coefficients of loin color, 




















-0.054 -0.278 -0.197 -0.032 -0.309 -0.122 




-0.042 -0.346 -0.235 -0.071 -0.339 -0.085 




0.069 -0.175 -0.145 0.016 -0.261 -0.100 
0.18 <0.01 <0.01 0.75 <0.0001 0.05 
SFA 
-0.170 -0.134 0.117 -0.105 0.024 -0.007 
<0.01 0.01 0.02 0.04 0.64 0.90 
MUFA 
0.197 0.398 -0.027 0.145 0.236 0.107 
<0.01 <0.0001 0.60 <0.01 <0.0001 0.04 
PUFA 
-0.109 -0.462 -0.094 -0.104 -0.394 -0.157 
0.03 <0.0001 0.07 0.05 <0.0001 <0.01 
USFA:SFA 
0.165 0.124 -0.121 0.105 -0.038 0.007 
<0.01 0.02 0.02 0.04 0.46 0.90 
PUFA:SFA 
0.022 -0.276 -0.153 -0.012 -0.328 -0.118 
0.67 <0.0001 <0.01 0.82 <0.0001 0.02 
C 14:0, % 
-0.014 0.053 0.169 -0.064 0.124 0.038 
0.79 0.30 <0.01 0.21 0.02 0.47 
C 15:0, % 
-0.020 0.006 -0.135 -0.017 -0.064 -0.243 
0.69 0.91 0.01 0.74 0.22 <0.0001 
C 16:0, % 
-0.096 0.021 0.145 -0.063 0.152 0.040 
0.06 0.68 <0.01 0.22 <0.01 0.44 
C 16:1, % 
0.179 0.360 0.033 0.100 0.215 0.070 
<0.01 <0.0001 0.53 0.05 <0.0001 0.18 
C 17:0, % 
0.138 0.146 -0.020 0.035 -0.021 0.071 
0.01 <0.01 0.70 0.50 0.68 0.17 
C 17:1, % 
0.179 0.310 -0.028 0.095 0.128 0.110 
<0.01 <0.0001 0.59 0.07 0.01 0.03 
C 18:0, % 
-0.195 -0.235 0.061 -0.112 -0.086 -0.041 
<0.01 <0.0001 0.23 0.03 0.10 0.43 
C 18:1 n9, 
% 
0.189 0.385 -0.033 0.143 0.231 0.104 
<0.01 <0.0001 0.52 0.01 <0.0001 0.04 
C 18:2 n6, 
% 
-0.115 -0.469 -0.089 -0.097 -0.392 -0.160 
0.02 <0.0001 0.08 0.06 <0.0001 <0.01 
C 18:3 n6, 
% 
-0.049 -0.144 0.002 -0.048 -0.059 -0.034 






Table G.20. Continued. Hot season population Pearson correlation coefficients of 

















C 18:3 n3, 
% 
0.085 0.039 -0.049 -0.100 -0.102 -0.057 
0.10 0.45 0.34 0.05 0.05 0.28 
C 20:0, % 
-0.055 -0.012 0.116 -0.003 0.065 0.057 
0.29 0.82 0.02 0.95 0.21 0.28 
C 20:1 n9, 
% 
0.014 0.012 0.048 0.042 -0.038 0.031 
0.79 0.81 0.35 0.42 0.46 0.55 
C 20:2 n6, 
% 
-0.123 -0.413 -0.075 -0.061 -0.322 -0.072 
0.02 <0.0001 0.14 0.24 <0.0001 0.17 
C 20:3 n6, 
% 
0.012 -0.171 -0.093 -0.058 -0.169 -0.052 
0.81 <0.01 0.07 0.27 <0.01 0.32 
C 20:4 n6, 
% 
0.060 -0.103 -0.086 -0.050 -0.178 -0.072 
0.24 0.04 0.09 0.33 <0.01 0.16 
C 20:3 n3, 
% 
0.007 -0.098 -0.107 -0.116 -0.159 -0.019 
0.89 0.06 0.04 0.03 <0.01 0.72 
C 20:5 n3, 
% 
-0.061 0.053 0.047 -0.065 0.051 0.003 
0.23 0.30 0.36 0.21 0.33 0.96 
C 22:0, % 
0.062 0.097 0.030 -0.012 0.098 0.004 
0.23 0.06 0.56 0.81 0.06 0.94 
C 22:1 n9, 
% 
-0.009 0.012 -0.027 -0.023 -0.002 0.122 
0.86 0.82 0.60 0.66 0.97 0.02 
C 22:4 n6, 
% 
-0.079 -0.280 -0.079 -0.137 -0.204 -0.063 
0.12 <0.0001 0.13 0.01 <0.0001 0.23 
C 22:5, % 
0.010 0.020 -0.030 -0.082 0.015 0.047 
0.85 0.70 0.55 0.11 0.78 0.37 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = 
monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio 
of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table G.21. Hot season population Pearson correlation coefficients of loin color, 














-0.099 -0.100 -0.142 -0.071 -0.077 -0.119 




-0.149 -0.109 -0.205 -0.124 0.045 -0.062 




-0.099 -0.099 -0.241 -0.049 -0.062 -0.143 
0.05 0.05 <0.0001 0.34 0.23 0.01 
SFA 
-0.036 0.042 0.206 -0.039 -0.013 0.051 
0.49 0.42 <0.0001 0.45 0.80 0.33 
MUFA 
0.169 0.038 -0.071 0.124 0.090 0.076 
<0.01 0.46 0.17 0.02 0.08 0.15 
PUFA 
-0.220 -0.107 -0.128 -0.146 -0.126 -0.176 
<0.0001 0.04 0.01 <0.01 0.02 <0.01 
USFA:SFA 
0.044 -0.040 -0.194 0.042 0.016 -0.047 
0.39 0.44 <0.01 0.41 0.76 0.37 
PUFA:SFA 
-0.140 -0.113 -0.228 -0.084 -0.087 -0.167 
0.01 0.03 <0.0001 0.11 0.09 <0.01 
C 14:0, % 
0.053 0.101 0.212 0.015 -0.030 0.048 
0.30 0.05 <0.0001 0.77 0.57 0.36 
C 15:0, % 
0.069 -0.058 -0.045 0.050 -0.002 0.000 
0.18 0.26 0.38 0.34 0.97 1.00 
C 16:0, % 
0.056 0.067 0.231 0.041 0.004 0.108 
0.27 0.20 <0.0001 0.43 0.93 0.04 
C 16:1, % 
0.190 0.037 -0.016 0.162 0.044 0.079 
<0.01 0.47 0.76 <0.01 0.39 0.13 
C 17:0, % 
0.044 -0.074 -0.133 0.011 0.058 0.002 
0.39 0.15 0.01 0.83 0.26 0.96 
C 17:1, % 
0.184 -0.008 -0.064 0.078 0.075 0.037 
<0.01 0.87 0.21 0.13 0.15 0.47 
C 18:0, % 
-0.107 0.011 0.132 -0.095 -0.024 -0.008 
0.04 0.83 0.01 0.07 0.64 0.87 
C 18:1 n9, 
% 
0.158 0.036 -0.076 0.116 0.096 0.076 
<0.01 0.49 0.14 0.02 0.06 0.14 
C 18:2 n6, 
% 
-0.212 -0.105 -0.116 -0.139 -0.121 -0.169 
<0.0001 0.04 0.02 0.01 0.02 <0.01 
C 18:3 n6, 
% 
-0.073 -0.058 -0.084 -0.038 -0.041 -0.077 





Table G.21. Continued. Hot season population Pearson correlation coefficients of 









Variable L* a* b* L* a* b* 
C 18:3 n3, 
% 
-0.043 -0.055 -0.174 -0.029 -0.022 -0.058 
0.41 0.29 <0.01 0.58 0.68 0.27 
C 20:0, % 
0.008 0.027 0.164 -0.015 0.023 0.056 
0.87 0.60 <0.01 0.77 0.65 0.28 
C 20:1 n9, 
% 
0.002 0.054 0.087 -0.051 -0.162 -0.131 
0.97 0.30 0.09 0.32 <0.01 0.01 
C 20:2 n6, 
% 
-0.254 -0.059 -0.052 -0.207 -0.153 -0.196 
<0.0001 0.25 0.32 <0.0001 <0.01 <0.01 
C 20:3 n6, 
% 
-0.180 -0.092 -0.192 -0.121 -0.133 -0.143 
<0.01 0.07 <0.01 0.02 0.01 0.01 
C 20:4 n6, 
% 
-0.130 -0.091 -0.204 -0.088 -0.028 -0.086 
0.01 0.08 <0.0001 0.09 0.59 0.10 
C 20:3 n3, 
% 
-0.108 -0.071 -0.127 -0.070 -0.103 -0.105 
0.04 0.17 0.01 0.18 0.05 0.04 
C 20:5 n3, 
% 
0.037 -0.043 -0.002 0.060 0.038 0.066 
0.47 0.41 0.97 0.25 0.47 0.20 
C 22:0, % 
-0.059 0.030 -0.048 0.027 -0.016 0.017 
0.26 0.56 0.35 0.61 0.76 0.75 
C 22:1 n9, 
% 
-0.014 -0.042 0.018 0.021 0.066 0.074 
0.79 0.41 0.73 0.69 0.20 0.15 
C 22:4 n6, 
% 
-0.216 -0.032 -0.054 -0.137 -0.103 -0.092 
<0.0001 0.53 0.29 0.01 0.05 0.07 
C 22:5, % 
-0.025 0.006 -0.060 0.013 0.013 0.009 
0.63 0.90 0.24 0.80 0.80 0.87 
1 




 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA 
= monounsaturated fatty acids. PUFA = polyunsaturated fatty acids. USFA:SFA = 
ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. 
PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* 
measures redness (greater a* value indicates a redder color). b* measures 
yellowness (greater b* value indicates a more yellow color). Instrumental loin color 





Table G.22. Cold season population Pearson correlation coefficients of ham weights with iodine value and 























-0.092 -0.151 -0.010 0.157 0.118 0.070 0.008 0.119 
<0.0001 <0.01 0.85 <0.01 0.02 0.17 0.88 0.02 
NitFOM 
measured IV 
-0.130 -0.078 0.071 0.218 0.239 0.087 0.060 0.094 




-0.204 -0.209 -0.105 0.060 0.096 0.049 -0.059 0.123 
<0.0001 <0.0001 0.04 0.24 0.06 0.34 0.24 0.01 
SFA 
0.354 0.348 0.316 0.203 0.111 0.136 0.157 -0.003 
<0.0001 <0.0001 <0.0001 <0.0001 0.03 0.01 <0.01 0.95 
MUFA 
-0.357 -0.343 -0.401 -0.395 -0.281 -0.270 -0.186 -0.125 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.01 
PUFA 
0.143 0.127 0.255 0.378 0.309 0.262 0.106 0.198 
<0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.04 <0.0001 
USFA:SFA 
-0.358 -0.353 -0.320 -0.208 -0.116 -0.137 -0.161 0.005 
<0.0001 <0.0001 <0.0001 <0.0001 0.02 0.01 <0.01 0.92 
PUFA:SFA 
-0.126 -0.135 -0.016 0.149 0.156 0.108 -0.024 0.155 
0.01 0.01 0.75 <0.01 <0.01 0.03 0.63 <0.01 
C 14:0, % 
0.036 0.030 -0.012 -0.112 -0.142 -0.099 -0.029 -0.058 
0.47 0.55 0.81 0.03 <0.01 0.05 0.56 0.25 
C 15:0, % 
-0.140 -0.147 -0.121 -0.036 -0.047 -0.073 -0.120 0.110 
0.01 <0.01 0.02 0.48 0.35 0.15 0.02 0.03 
C 16:0, % 
0.228 0.229 0.166 0.011 -0.021 0.015 0.101 -0.080 
<0.0001 <0.0001 <0.01 0.83 0.68 0.76 0.04 0.11 
C 16:1, % 
-0.336 -0.322 -0.369 -0.391 -0.262 -0.253 -0.150 -0.109 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.03 
C 17:0, % 
-0.415 -0.411 -0.354 -0.266 -0.244 -0.266 -0.259 -0.035 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.49 
C 17:1, % 
-0.507 -0.499 -0.492 -0.409 -0.334 -0.350 -0.349 -0.090 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.08 
C 18:0, % 
0.389 0.380 0.379 0.323 0.207 0.216 0.181 0.057 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.26 
C 18:1 n9, % 
-0.339 -0.325 -0.383 -0.377 -0.270 -0.258 -0.174 -0.124 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 0.01 
C 18:2 n6, % 
0.177 0.161 0.283 0.395 0.327 0.289 0.134 0.206 
<0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 0.01 <0.0001 
C 18:3 n6, % 
0.070 0.059 0.106 0.204 0.151 0.200 0.082 0.129 






Table G.22. Continued. Cold season population Pearson correlation coefficients of ham weights with iodine 





















C 18:3 n3, % 
-0.519 -0.525 -0.419 -0.261 -0.226 -0.346 -0.352 -0.061 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.22 
C 20:0, % 
0.310 0.312 0.259 0.173 0.090 0.165 0.105 0.065 
<0.0001 <0.0001 <0.0001 <0.01 0.07 <0.01 0.04 0.20 
C 20:1 n9, % 
0.008 -0.002 -0.017 0.030 0.016 0.006 -0.080 0.053 
0.88 0.97 0.74 0.56 0.75 0.90 0.11 0.29 
C 20:2 n6, % 
0.311 0.296 0.381 0.451 0.351 0.291 0.142 0.174 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.01 <0.01 
C 20:3 n6, % 
-0.074 -0.083 0.015 0.179 0.079 0.069 -0.068 0.063 
0.14 0.10 0.77 <0.01 0.11 0.17 0.17 0.21 
C 20:4 n6, % 
-0.307 -0.309 -0.194 -0.058 -0.058 -0.109 -0.202 -0.004 
<0.0001 <0.0001 <0.01 0.25 0.25 0.03 <0.0001 0.94 
C 20:3 n3, % 
-0.225 -0.236 -0.149 0.014 -0.065 -0.184 -0.201 -0.060 
<0.0001 <0.0001 <0.01 0.79 0.20 <0.01 <0.0001 0.23 
C 20:5 n3, % 
-0.002 -0.002 0.021 0.045 0.041 0.052 0.033 -0.039 
0.97 0.97 0.67 0.37 0.41 0.30 0.52 0.44 
C 22:0, % 
0.055 0.052 0.045 0.083 0.056 0.072 0.044 0.061 
0.28 0.31 0.37 0.10 0.27 0.15 0.38 0.23 
C 22:1 n9, % 
0.118 0.117 0.125 0.115 0.104 0.151 0.108 0.100 
0.02 0.02 0.01 0.02 0.04 <0.01 0.03 0.05 
C 22:4 n6, % 
0.190 0.180 0.244 0.296 0.181 0.150 0.082 0.093 
<0.01 <0.01 <0.0001 <0.0001 <0.01 <0.01 0.11 0.07 
C 22:5, % 
-0.226 -0.229 -0.190 -0.251 -0.146 -0.160 -0.149 0.009 
<0.0001 <0.0001 <0.01 <0.0001 <0.01 <0.01 <0.01 0.86 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty 
acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) 





Table G.23. Hot season population Pearson correlation coefficients of gluteus profundus, gluteus medius, and 















0.018 -0.006 0.009 -0.024 -0.114 -0.082 -0.049 0.080 0.035 




0.016 -0.019 -0.005 -0.053 -0.101 -0.104 -0.022 0.185 0.141 




0.100 0.055 -0.065 0.001 -0.020 -0.255 -0.013 0.035 0.047 
0.05 0.28 0.20 0.99 0.69 <0.0001 0.80 0.49 0.35 
SFA 
-0.227 -0.017 -0.026 -0.135 0.034 0.162 -0.039 0.110 0.018 
<0.0001 0.74 0.60 0.01 0.50 <0.01 0.44 0.03 0.72 
MUFA 
0.268 -0.028 0.112 0.225 -0.036 -0.003 0.082 -0.218 -0.078 
<0.0001 0.58 0.03 <0.0001 0.47 0.96 0.11 <0.0001 0.12 
PUFA 
-0.152 0.063 -0.143 -0.191 0.017 -0.185 -0.082 0.210 0.100 
<0.01 0.21 <0.01 <0.01 0.74 <0.01 0.11 <0.0001 0.05 
USFA:SFA 
0.218 0.016 0.017 0.129 -0.032 -0.172 0.043 -0.106 -0.009 
<0.0001 0.75 0.73 0.01 0.53 <0.01 0.39 0.04 0.86 
PUFA:SFA 
0.027 0.060 -0.091 -0.071 -0.006 -0.256 -0.036 0.093 0.073 
0.59 0.23 0.07 0.16 0.90 <0.0001 0.48 0.06 0.15 
C 14:0, % 
-0.090 -0.062 0.113 -0.026 -0.095 0.166 -0.004 -0.090 -0.100 
0.07 0.22 0.03 0.60 0.06 <0.01 0.93 0.07 0.05 
C 15:0, % 
0.054 0.058 -0.001 0.084 -0.053 -0.092 0.154 0.010 0.119 
0.28 0.25 0.98 0.10 0.29 0.07 <0.01 0.84 0.02 
C 16:0, % 
-0.128 -0.094 0.025 -0.057 -0.047 0.164 0.001 -0.043 -0.046 
0.01 0.06 0.62 0.26 0.36 <0.01 0.99 0.40 0.36 
C 16:1, % 
0.268 -0.104 0.100 0.209 -0.123 -0.044 0.080 -0.281 -0.138 






Table G.23. Continued. Hot season population Pearson correlation coefficients of gluteus profundus, gluteus medius, 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.156 -0.118 0.037 -0.020 -0.050 -0.149 -0.023 -0.077 -0.068 
<0.01 0.02 0.47 0.69 0.32 <0.01 0.65 0.13 0.18 
C 17:1, % 
0.251 -0.089 0.086 0.117 -0.064 -0.105 0.044 -0.170 -0.082 
<0.0001 0.08 0.09 0.02 0.20 0.04 0.39 <0.01 0.10 
C 18:0, % 
-0.254 0.052 -0.069 -0.165 0.096 0.124 -0.065 0.211 0.068 
<0.0001 0.30 0.17 <0.01 0.06 0.01 0.20 <0.0001 0.18 
C 18:1 n9, 
% 
0.256 -0.019 0.108 0.218 -0.026 0.003 0.079 -0.204 -0.070 
<0.0001 0.71 0.03 <0.0001 0.61 0.95 0.12 <0.0001 0.16 
C 18:2 n6, 
% 
-0.158 0.070 -0.159 -0.190 0.030 -0.190 -0.076 0.214 0.116 
<0.01 0.16 <0.01 <0.01 0.55 <0.01 0.13 <0.0001 0.02 
C 18:3 n6, 
% 
-0.027 0.154 -0.109 0.005 0.070 -0.130 0.001 0.100 0.060 
0.59 <0.01 0.03 0.92 0.17 0.01 0.98 0.05 0.24 
C 18:3 n3, 
% 
0.184 -0.064 0.176 0.036 -0.183 -0.107 -0.026 -0.075 -0.161 
<0.01 0.20 <0.01 0.48 <0.01 0.03 0.61 0.14 <0.01 
C 20:0, % 
-0.137 0.036 -0.062 -0.105 0.113 0.096 -0.004 0.106 0.083 
0.01 0.48 0.22 0.04 0.02 0.06 0.94 0.04 0.10 
C 20:1 n9, 
% 
-0.016 0.051 0.004 -0.001 0.032 0.041 0.006 0.062 0.070 
0.75 0.31 0.94 0.99 0.53 0.41 0.90 0.22 0.17 
C 20:2 n6, 
% 
-0.292 0.057 -0.164 -0.236 0.068 -0.006 -0.113 0.253 0.106 
<0.0001 0.26 <0.01 <0.0001 0.17 0.91 0.02 <0.0001 0.04 
C 20:3 n6, 
% 
-0.034 -0.070 -0.021 -0.131 -0.068 -0.092 -0.100 0.079 -0.050 
0.50 0.16 0.67 0.01 0.18 0.07 0.05 0.12 0.33 
C 20:4 n6, 
% 
0.042 -0.045 0.054 -0.110 -0.099 -0.131 -0.099 -0.009 -0.114 






Table G.23. Continued. Hot season population Pearson correlation coefficients of gluteus profundus, gluteus medius, 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
0.028 -0.106 0.067 -0.024 -0.154 0.010 -0.078 0.031 -0.121 
0.58 0.04 0.19 0.63 <0.01 0.85 0.12 0.54 0.02 
C 20:5 n3, 
% 
0.011 -0.011 0.002 0.021 0.001 0.007 0.059 0.004 0.031 
0.82 0.83 0.96 0.68 0.99 0.89 0.24 0.93 0.54 
C 22:0, % 
-0.020 0.063 -0.001 0.018 0.026 0.002 0.073 0.065 0.166 
0.69 0.21 0.98 0.73 0.61 0.98 0.15 0.20 <0.01 
C 22:1 n9, 
% 
-0.022 0.066 -0.026 0.005 0.023 -0.018 0.085 0.017 0.044 
0.66 0.19 0.61 0.92 0.64 0.73 0.09 0.73 0.39 
C 22:4 n6, 
% 
-0.173 -0.035 -0.039 -0.202 0.010 0.072 -0.099 0.153 0.012 
<0.01 0.49 0.44 <0.0001 0.84 0.15 0.05 <0.01 0.81 
C 22:5, % 
0.105 0.007 0.209 0.033 -0.094 0.020 0.010 -0.067 -0.093 
0.04 0.90 <0.0001 0.51 0.06 0.69 0.84 0.19 0.07 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh hams was determined on one measure per muscle. Instrumental color for the gluteus profundus and gluteus 
medius were measured on the ham face and instrumental color for the semimembranosus was measured on the blonde 





Table G.24. Hot season population Pearson correlation coefficients of adductor and semitendinosus light and dark 
portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2













0.012 -0.021 0.014 -0.134 -0.117 -0.201 -0.092 -0.053 -0.101 




0.012 -0.049 0.003 -0.230 -0.107 -0.284 -0.152 -0.018 -0.153 




0.048 -0.028 0.008 -0.057 -0.119 -0.143 -0.090 -0.084 -0.149 
0.35 0.58 0.87 0.26 0.02 <0.01 0.07 0.10 <0.01 
SFA 
-0.157 0.094 -0.020 -0.024 0.078 0.045 -0.024 0.126 0.157 
<0.01 0.06 0.69 0.64 0.12 0.37 0.63 0.01 <0.01 
MUFA 
0.206 -0.114 0.029 0.101 0.000 0.081 0.134 -0.113 -0.096 
<0.0001 0.02 0.56 0.04 1.00 0.11 0.01 0.02 0.06 
PUFA 
-0.138 0.069 -0.022 -0.130 -0.090 -0.178 -0.181 0.029 -0.033 
0.01 0.17 0.66 0.01 0.07 <0.01 <0.01 0.56 0.51 
USFA:SFA 
0.158 -0.092 0.022 0.026 -0.084 -0.046 0.013 -0.113 -0.157 
<0.01 0.07 0.67 0.60 0.10 0.36 0.80 0.03 <0.01 
PUFA:SFA 
-0.005 -0.006 0.000 -0.080 -0.126 -0.163 -0.129 -0.055 -0.132 
0.93 0.91 1.00 0.12 0.01 <0.01 0.01 0.28 0.01 
C 14:0, % 
0.020 0.012 0.000 0.025 0.059 0.066 0.061 0.030 0.094 
0.70 0.81 0.99 0.62 0.24 0.19 0.23 0.56 0.06 
C 15:0, % 
0.069 -0.019 0.118 0.006 -0.068 -0.045 0.012 -0.053 -0.027 
0.17 0.71 0.02 0.91 0.18 0.37 0.82 0.29 0.60 
C 16:0, % 
-0.068 0.048 -0.008 0.003 0.075 0.070 0.032 0.079 0.142 
0.18 0.34 0.87 0.95 0.14 0.16 0.53 0.12 <0.01 
C 16:1, % 
0.221 -0.105 0.035 0.061 -0.009 0.021 0.119 -0.099 -0.073 






Table G.24. Continued. Hot season population Pearson correlation coefficients of adductor and semitendinosus light 
and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
0.079 -0.050 0.015 0.010 -0.055 -0.036 -0.007 -0.072 -0.077 
0.12 0.32 0.77 0.85 0.27 0.48 0.90 0.15 0.13 
C 17:1, % 
0.164 -0.092 0.022 0.023 -0.020 0.015 0.048 -0.077 -0.067 
<0.01 0.07 0.66 0.65 0.70 0.77 0.34 0.13 0.18 
C 18:0, % 
-0.197 0.109 -0.030 -0.043 0.063 0.012 -0.066 0.136 0.130 
<0.0001 0.03 0.56 0.40 0.21 0.81 0.19 0.01 0.01 
C 18:1 n9, 
% 
0.198 -0.111 0.029 0.102 0.001 0.083 0.132 -0.112 -0.097 
<0.0001 0.03 0.56 0.04 0.99 0.10 0.01 0.03 0.05 
C 18:2 n6, 
% 
-0.145 0.079 -0.020 -0.121 -0.091 -0.164 -0.188 0.037 -0.032 
<0.01 0.12 0.69 0.02 0.07 <0.01 <0.01 0.47 0.53 
C 18:3 n6, 
% 
-0.002 -0.044 -0.026 0.027 -0.088 -0.028 -0.058 -0.008 -0.096 
0.97 0.39 0.60 0.60 0.08 0.58 0.25 0.87 0.06 
C 18:3 n3, 
% 
0.118 -0.060 0.030 -0.092 -0.035 -0.169 0.047 -0.104 -0.066 
0.02 0.24 0.55 0.07 0.49 <0.01 0.35 0.04 0.19 
C 20:0, % 
-0.137 0.107 0.007 0.078 0.050 0.123 -0.007 0.141 0.164 
0.01 0.03 0.89 0.13 0.33 0.01 0.89 0.01 <0.01 
C 20:1 n9, 
% 
-0.063 0.030 -0.057 0.022 0.018 0.053 -0.007 0.056 0.090 
0.21 0.56 0.26 0.66 0.72 0.29 0.89 0.27 0.08 
C 20:2 n6, 
% 
-0.214 0.076 -0.062 -0.120 -0.034 -0.125 -0.152 0.080 0.062 
<0.0001 0.13 0.22 0.02 0.51 0.01 <0.01 0.11 0.22 
C 20:3 n6, 
% 
-0.060 0.002 -0.009 -0.180 -0.023 -0.214 -0.079 -0.074 -0.100 
0.24 0.97 0.86 <0.01 0.65 <0.0001 0.12 0.14 0.05 
C 20:4 n6, 
% 
0.045 -0.084 -0.008 -0.133 -0.030 -0.203 -0.048 -0.102 -0.139 






Table G.24. Continued. Hot season population Pearson correlation coefficients of adductor and semitendinosus light 
and dark portion color with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, 
% 
0.008 -0.039 -0.034 -0.120 -0.005 -0.155 0.016 -0.070 -0.013 
0.88 0.44 0.50 0.02 0.92 <0.01 0.76 0.17 0.80 
C 20:5 n3, 
% 
0.032 -0.029 -0.037 0.040 -0.040 -0.022 0.039 0.000 0.052 
0.53 0.57 0.46 0.43 0.43 0.66 0.44 1.00 0.31 
C 22:0, % 
-0.014 0.032 0.026 0.036 -0.093 -0.014 0.017 -0.053 -0.031 
0.79 0.52 0.60 0.48 0.07 0.79 0.74 0.30 0.54 
C 22:1 n9, 
% 
-0.056 -0.019 -0.060 0.038 0.006 0.041 0.028 0.025 0.005 
0.27 0.70 0.24 0.45 0.91 0.42 0.58 0.62 0.93 
C 22:4 n6, 
% 
-0.106 -0.014 -0.053 -0.092 -0.012 -0.112 -0.075 0.052 0.057 
0.04 0.79 0.29 0.07 0.81 0.03 0.14 0.30 0.26 
C 22:5, % 
0.145 -0.165 -0.013 -0.024 -0.083 -0.140 0.070 -0.072 -0.002 
<0.01 <0.01 0.80 0.63 0.10 0.01 0.16 0.15 0.96 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color 
on fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was 
measured on: the adductor (proximal face), semitendinosus dark portion (proximal edge where the head of the femur 





Table G.25. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and rectus femoris 











Variable L* a* b* L* a* b* L* a* b* 
Bruker 
measured IV 
-0.135 -0.013 -0.100 0.000 -0.059 0.068 -0.001 -0.113 0.069 
0.01 0.80 0.05 1.00 0.24 0.18 0.99 0.03 0.17 
NitFOM 
measured IV 
-0.200 0.120 -0.063 -0.030 -0.070 0.002 -0.033 -0.033 0.051 
<0.01 0.06 0.33 0.65 0.28 0.98 0.61 0.61 0.44 
GC measured 
IV (AOCS) 
-0.104 0.017 -0.065 0.026 -0.019 0.094 0.097 -0.133 0.098 
0.04 0.74 0.20 0.61 0.71 0.06 0.05 0.01 0.05 
SFA 
-0.007 0.107 0.106 -0.094 0.014 -0.067 -0.202 0.164 -0.066 
0.89 0.03 0.04 0.06 0.78 0.18 <0.0001 <0.01 0.19 
MUFA 
0.126 -0.188 -0.093 0.126 -0.006 0.006 0.228 -0.123 0.003 
0.01 <0.01 0.07 0.01 0.91 0.90 <0.0001 0.01 0.95 
PUFA 
-0.187 0.168 0.021 -0.087 -0.008 0.068 -0.119 0.002 0.072 
<0.01 <0.01 0.67 0.09 0.88 0.18 0.02 0.98 0.16 
USFA:SFA 
0.000 -0.100 -0.102 0.090 -0.007 0.074 0.207 -0.164 0.074 
1.00 0.05 0.04 0.08 0.88 0.14 <0.0001 <0.01 0.14 
PUFA:SFA 
-0.145 0.063 -0.052 -0.008 -0.010 0.099 0.042 -0.102 0.100 
<0.01 0.21 0.30 0.87 0.84 0.05 0.41 0.04 0.05 
C 14:0, % 
0.060 -0.070 -0.006 -0.063 0.024 -0.117 -0.113 0.089 -0.112 
0.23 0.17 0.91 0.22 0.63 0.02 0.03 0.08 0.03 
C 15:0, % 
0.000 -0.009 -0.035 0.003 0.005 -0.009 0.044 0.001 -0.038 
0.99 0.86 0.49 0.96 0.93 0.86 0.38 0.99 0.46 
C 16:0, % 
0.054 -0.029 0.042 -0.062 -0.025 -0.126 -0.144 0.092 -0.118 
0.28 0.57 0.40 0.22 0.62 0.01 <0.01 0.07 0.02 
C 16:1, % 
0.137 -0.229 -0.102 0.101 -0.024 -0.054 0.211 -0.151 -0.036 






Table G.25. Continued. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and 










Variable L* a* b* L* a* b* L* a* b* 
C 17:0, % 
-0.005 -0.166 -0.181 0.053 0.000 0.008 0.112 -0.163 -0.039 
0.92 <0.01 <0.01 0.30 1.00 0.87 0.03 <0.01 0.44 
C 17:1, % 
0.093 -0.212 -0.145 0.147 -0.022 0.035 0.244 -0.193 0.021 
0.07 <.0001 <0.01 <0.01 0.67 0.49 <.0001 <0.01 0.68 
C 18:0, % 
-0.056 0.197 0.139 -0.095 0.038 -0.002 -0.200 0.183 -0.002 
0.27 <.0001 0.01 0.06 0.45 0.97 <.0001 <0.01 0.97 
C 18:1 n9, % 
0.121 -0.177 -0.087 0.125 -0.004 0.013 0.220 -0.114 0.007 
0.02 <0.01 0.09 0.01 0.94 0.80 <.0001 0.02 0.89 
C 18:2 n6, % 
-0.189 0.177 0.033 -0.091 -0.010 0.067 -0.117 0.004 0.077 
<0.01 <0.01 0.51 0.07 0.85 0.18 0.02 0.94 0.13 
C 18:3 n6, % 
-0.056 0.121 0.043 -0.025 0.007 -0.016 -0.064 0.085 0.037 
0.26 0.02 0.39 0.62 0.89 0.76 0.21 0.09 0.47 
C 18:3 n3, % 
0.029 -0.115 -0.100 0.097 -0.005 0.037 0.088 -0.107 -0.019 
0.57 0.02 0.05 0.05 0.92 0.46 0.08 0.03 0.71 
C 20:0, % 
-0.009 0.152 0.112 -0.066 0.048 0.037 -0.118 0.103 -0.020 
0.86 <0.01 0.03 0.19 0.34 0.47 0.02 0.04 0.70 
C 20:1 n9, % 
-0.074 0.090 0.012 -0.084 0.021 -0.039 -0.048 0.030 -0.004 
0.14 0.08 0.81 0.10 0.69 0.44 0.34 0.55 0.94 
C 20:2 n6, % 
-0.211 0.210 0.024 -0.157 0.013 0.014 -0.219 0.091 0.034 
<.0001 <.0001 0.63 <0.01 0.80 0.78 <.0001 0.07 0.50 
C 20:3 n6, % 
-0.130 -0.009 -0.121 -0.052 0.039 0.090 -0.135 -0.019 -0.022 
0.01 0.86 0.02 0.31 0.44 0.08 0.01 0.71 0.66 
C 20:4 n6, % 
-0.051 -0.039 -0.135 0.055 0.027 0.112 0.013 -0.073 0.051 






Table G.25. Continued. Cold season population Pearson correlation coefficients of bices femoris, vastus lateralis, and 










Variable L* a* b* L* a* b* L* a* b* 
C 20:3 n3, % 
-0.049 -0.075 -0.114 -0.019 0.023 0.017 -0.099 -0.014 -0.065 
0.33 0.14 0.02 0.71 0.65 0.74 0.05 0.78 0.20 
C 20:5 n3, % 
0.063 0.007 0.062 0.078 -0.044 0.043 0.062 0.010 0.068 
0.21 0.89 0.22 0.12 0.38 0.39 0.22 0.84 0.18 
C 22:0, % 
0.006 0.038 0.084 -0.010 0.015 0.031 -0.020 0.001 0.038 
0.90 0.45 0.10 0.84 0.77 0.54 0.70 0.98 0.45 
C 22:1 n9, % 
0.064 -0.020 0.027 0.018 -0.064 -0.008 -0.041 0.034 -0.017 
0.21 0.69 0.59 0.73 0.20 0.87 0.41 0.50 0.73 
C 22:4 n6, % 
-0.098 0.089 -0.027 -0.111 0.065 0.035 -0.223 0.097 0.013 
0.05 0.08 0.60 0.03 0.20 0.49 <0.0001 0.06 0.79 
C 22:5, % 
0.111 -0.125 -0.056 0.145 -0.058 -0.002 0.091 -0.075 -0.052 
0.03 0.01 0.27 <0.01 0.25 0.96 0.07 0.14 0.30 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater a* value 
indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). Instrumental color on 
fresh ham muscles was determined on one measure per muscle. Instrumental color on fresh ham muscles was measured 





Table G.26. Hot season population Pearson correlation coefficients of ham muscle pH with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2























-0.085 -0.058 -0.026 0.022 -0.011 -0.030 -0.018 




-0.072 -0.077 0.026 0.015 -0.026 -0.045 -0.042 




-0.103 -0.107 -0.071 -0.035 -0.060 -0.087 -0.102 
0.04 0.03 0.16 0.49 0.23 0.08 0.04 
SFA 
0.028 0.080 -0.015 -0.021 0.005 0.054 0.147 
0.58 0.11 0.77 0.67 0.92 0.28 <0.01 
MUFA 
0.056 -0.023 0.090 0.062 0.049 -0.002 -0.138 
0.26 0.65 0.07 0.22 0.33 0.97 0.01 
PUFA 
-0.120 -0.058 -0.123 -0.071 -0.081 -0.060 0.043 
0.02 0.25 0.01 0.16 0.11 0.24 0.40 
USFA:SFA 
-0.036 -0.085 0.009 0.022 -0.006 -0.055 -0.142 
0.47 0.09 0.85 0.66 0.90 0.27 <0.01 
PUFA:SFA 
-0.113 -0.097 -0.084 -0.037 -0.064 -0.079 -0.062 
0.03 0.05 0.09 0.47 0.20 0.12 0.22 
C 14:0, % 
0.113 0.100 0.054 0.011 0.084 0.078 0.126 
0.02 0.05 0.29 0.83 0.10 0.12 0.01 
C 15:0, % 
-0.058 -0.102 -0.071 -0.073 -0.052 -0.082 -0.061 
0.25 0.04 0.16 0.15 0.30 0.11 0.22 
C 16:0, % 
0.076 0.091 0.036 0.011 0.042 0.083 0.118 
0.13 0.07 0.48 0.83 0.41 0.10 0.02 
C 16:1, % 
0.058 -0.030 0.061 0.030 0.047 0.011 -0.110 






Table G.26. Continued. Hot season population Pearson correlation coefficients of ham muscle pH with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2


























C 17:0, % 
0.079 0.023 0.097 0.065 0.105 0.072 0.012 
0.12 0.64 0.06 0.20 0.04 0.15 0.81 
C 17:1, % 
0.056 -0.025 0.093 0.045 0.081 0.039 -0.049 
0.27 0.61 0.07 0.37 0.11 0.44 0.34 
C 18:0, % 
-0.023 0.050 -0.055 -0.042 -0.032 0.014 0.129 
0.65 0.32 0.28 0.41 0.53 0.78 0.01 
C 18:1 n9, 
% 
0.052 -0.022 0.088 0.061 0.044 -0.006 -0.139 
0.30 0.67 0.08 0.22 0.38 0.91 0.01 
C 18:2 n6, 
% 
-0.140 -0.071 -0.138 -0.083 -0.099 -0.077 0.029 
0.01 0.16 0.01 0.10 0.05 0.13 0.57 
C 18:3 n6, 
% 
-0.136 -0.112 -0.102 -0.087 -0.118 -0.109 -0.033 
0.01 0.03 0.04 0.09 0.02 0.03 0.51 
C 18:3 n3, 
% 
0.138 0.061 0.095 0.057 0.142 0.119 0.060 
0.01 0.23 0.06 0.26 <0.01 0.02 0.24 
C 20:0, % 
-0.014 0.017 -0.041 -0.037 -0.029 0.037 0.116 
0.78 0.74 0.41 0.46 0.57 0.47 0.02 
C 20:1 n9, 
% 
0.046 0.034 0.044 0.051 0.056 0.058 0.117 
0.36 0.50 0.38 0.31 0.26 0.25 0.02 
C 20:2 n6, 
% 
-0.028 0.037 -0.040 0.001 -0.013 0.014 0.144 
0.58 0.46 0.43 0.99 0.79 0.78 <0.01 
C 20:3 n6, 
% 
0.031 0.046 0.035 0.069 0.051 0.064 0.097 
0.53 0.36 0.49 0.17 0.31 0.20 0.05 
C 20:4 n6, 
% 
0.074 0.021 0.040 0.023 0.063 0.064 0.025 
0.14 0.68 0.42 0.64 0.21 0.21 0.62 
C 20:3 n3, 
% 
0.143 0.113 0.100 0.101 0.139 0.145 0.173 
<0.01 0.02 0.05 0.04 0.01 <0.01 <0.01 
C 20:5 n3, 
% 
-0.036 -0.038 -0.054 -0.063 -0.038 -0.049 -0.060 





Table G.26. Continued. Hot season population Pearson correlation coefficients of ham muscle pH with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2


























C 22:0, % 
-0.024 -0.088 -0.091 -0.077 -0.103 -0.106 -0.085 
0.63 0.08 0.07 0.13 0.04 0.04 0.09 
C 22:1 n9, 
% 
-0.060 -0.023 -0.066 -0.026 -0.023 -0.031 -0.106 
0.24 0.65 0.19 0.61 0.64 0.54 0.03 
C 22:4 n6, 
% 
0.065 0.094 0.018 0.056 0.061 0.104 0.186 
0.20 0.06 0.73 0.26 0.23 0.04 <0.01 
C 22:5, % 
0.039 0.019 0.026 0.028 0.053 0.024 -0.003 
0.44 0.71 0.60 0.58 0.29 0.63 0.96 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 Ultimate pH for ham muscles was measured on: the semimembranosus (blonde spot, medial side), adductor (proximal 
face), semitendinosus dark portion (proximal edge where the head of the femur was removed, semitendinosus light 







Table G.27. Hot season population Pearson correlation coefficients of processed ham characteristics with iodine value and Fatty 
Acid Methyl Ester (FAME) composition
1,2






























0.135 0.153 0.076 0.153 0.088 0.135 0.026 0.129 0.122 0.015 
0.01 <0.01 0.13 <0.01 0.08 0.01 0.61 0.01 0.02 0.78 
NitFOM 
measured IV 
0.223 0.227 0.006 0.228 0.029 0.220 -0.082 0.199 0.201 -0.069 




0.090 0.104 0.052 0.105 0.069 0.094 0.007 0.077 0.075 -0.012 
0.08 0.04 0.31 0.04 0.17 0.07 0.89 0.13 0.14 0.81 
SFA 
0.153 0.138 -0.012 0.141 -0.009 0.149 0.006 0.154 0.156 0.042 
<0.01 0.01 0.81 <0.01 0.86 <0.01 0.91 <0.01 <0.01 0.41 
MUFA 
-0.343 -0.334 -0.034 -0.341 -0.059 -0.340 -0.020 -0.332 -0.333 -0.059 
<0.0001 <0.0001 0.50 <0.0001 0.25 <0.0001 0.70 <0.0001 <0.0001 0.25 
PUFA 
0.357 0.359 0.068 0.366 0.102 0.355 0.023 0.338 0.336 0.043 
<0.0001 <0.0001 0.18 <0.0001 0.04 <0.0001 0.65 <0.0001 <0.0001 0.40 
USFA:SFA 
-0.159 -0.147 0.002 -0.150 -0.001 -0.156 -0.006 -0.160 -0.162 -0.042 
<0.01 <0.01 0.96 <0.01 0.98 <0.01 0.90 <0.01 <0.01 0.41 
PUFA:SFA 
0.164 0.173 0.051 0.177 0.074 0.165 0.011 0.148 0.145 0.001 
<0.01 <0.01 0.31 <0.01 0.15 <0.01 0.84 <0.01 <0.01 0.99 
C 14:0, % 
-0.139 -0.130 0.020 -0.134 0.005 -0.133 0.006 -0.125 -0.123 0.001 
0.01 0.01 0.70 0.01 0.92 0.01 0.91 0.01 0.02 0.98 
C 15:0, % 
-0.058 -0.036 0.059 -0.039 0.060 -0.042 0.029 -0.073 -0.075 -0.063 
0.25 0.47 0.24 0.43 0.23 0.41 0.57 0.15 0.14 0.21 
C 16:0, % 
-0.010 -0.016 -0.005 -0.017 -0.016 -0.015 -0.013 -0.009 -0.006 0.007 
0.84 0.76 0.92 0.73 0.76 0.76 0.80 0.85 0.91 0.89 
C 16:1, % 
-0.327 -0.299 0.046 -0.309 0.020 -0.316 -0.001 -0.311 -0.309 -0.037 





Table G.27. Continued. Hot season population Pearson correlation coefficients of processed ham characteristics with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 17:0, % 
-0.278 -0.249 0.029 -0.256 0.017 -0.257 -0.002 -0.250 -0.250 -0.034 
<0.0001 <0.0001 0.57 <0.0001 0.74 <0.0001 0.97 <0.0001 <0.0001 0.50 
C 17:1, % 
-0.395 -0.367 0.019 -0.376 -0.001 -0.374 0.015 -0.362 -0.362 -0.027 
<0.0001 <0.0001 0.71 <0.0001 0.98 <0.0001 0.77 <0.0001 <0.0001 0.59 
C 18:0, % 
0.266 0.245 -0.019 0.252 -0.003 0.263 0.019 0.266 0.266 0.063 
<0.0001 <0.0001 0.71 <0.0001 0.95 <0.0001 0.71 <0.0001 <0.0001 0.22 
C 18:1 n9, 
% 
-0.328 -0.323 -0.044 -0.329 -0.067 -0.327 -0.023 -0.320 -0.320 -0.062 
<0.0001 <0.0001 0.39 <0.0001 0.18 <0.0001 0.65 <0.0001 <0.0001 0.23 
C 18:2 n6, 
% 
0.378 0.377 0.061 0.385 0.097 0.375 0.019 0.356 0.355 0.041 
<0.0001 <0.0001 0.23 <0.0001 0.06 <0.0001 0.71 <0.0001 <0.0001 0.43 
C 18:3 n6, 
% 
0.202 0.169 -0.075 0.179 -0.056 0.187 -0.033 0.162 0.165 -0.043 
<0.0001 <0.01 0.14 <0.01 0.27 <0.01 0.52 <0.01 <0.01 0.40 
C 18:3 n3, 
% 
-0.283 -0.231 0.106 -0.242 0.093 -0.257 0.039 -0.249 -0.250 0.003 
<0.0001 <0.0001 0.04 <0.0001 0.07 <0.0001 0.44 <0.0001 <0.0001 0.95 
C 20:0, % 
0.134 0.104 -0.075 0.110 -0.067 0.118 -0.028 0.127 0.128 0.017 
0.01 0.04 0.14 0.03 0.19 0.02 0.58 0.01 0.01 0.74 
C 20:1 n9, 
% 
0.016 0.030 0.047 0.032 0.063 0.027 0.067 0.038 0.036 0.080 
0.74 0.55 0.35 0.52 0.21 0.60 0.19 0.45 0.48 0.12 
C 20:2 n6, 
% 
0.404 0.397 0.043 0.405 0.073 0.399 0.032 0.393 0.390 0.082 
<0.0001 <0.0001 0.39 <0.0001 0.15 <0.0001 0.53 <0.0001 <0.0001 0.11 
C 20:3 n6, 
% 
0.106 0.138 0.112 0.137 0.130 0.120 0.054 0.120 0.117 0.063 
0.04 0.01 0.03 0.01 0.01 0.02 0.29 0.02 0.02 0.22 
C 20:4 n6, 
% 
-0.079 -0.052 0.058 -0.057 0.053 -0.065 0.014 -0.062 -0.069 -0.007 






Table G.27. Continued. Hot season population Pearson correlation coefficients of processed ham characteristics with iodine value 
and Fatty Acid Methyl Ester (FAME) composition
1,2




























C 20:3 n3, 
% 
-0.083 -0.043 0.104 -0.048 0.107 -0.069 0.043 -0.055 -0.060 0.047 
0.10 0.40 0.04 0.34 0.03 0.17 0.40 0.28 0.24 0.36 
C 20:5 n3, 
% 
0.045 0.020 -0.070 0.022 -0.078 0.022 -0.072 0.010 0.010 -0.084 
0.38 0.69 0.16 0.66 0.12 0.66 0.16 0.84 0.85 0.10 
C 22:0, % 
0.078 0.093 0.056 0.094 0.070 0.089 0.029 0.077 0.078 0.014 
0.12 0.06 0.27 0.06 0.17 0.08 0.58 0.13 0.12 0.79 
C 22:1 n9, 
% 
0.128 0.119 -0.013 0.122 -0.003 0.121 -0.005 0.131 0.134 0.034 
0.01 0.02 0.79 0.01 0.95 0.02 0.91 0.01 0.01 0.50 
C 22:4 n6, 
% 
0.215 0.212 0.013 0.216 0.030 0.207 0.007 0.211 0.205 0.043 
<0.0001 <0.0001 0.79 <0.0001 0.56 <0.0001 0.90 <0.0001 <0.0001 0.40 
C 22:5, % 
-0.172 -0.143 0.064 -0.149 0.059 -0.158 0.044 -0.156 -0.158 -0.002 
<0.01 <0.01 0.21 <0.01 0.25 <0.01 0.39 <0.01 <0.01 0.97 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. PUFA = 
polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty acids. PUFA:SFA = 





Table G.28. Hot season population Pearson correlation coefficients of processed ham color, bind strength, 
and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) composition
1,2








Variable L* a* b* 
Moisture, 







-0.141 0.072 -0.051 -0.002 0.243 -0.278 0.052 -0.030 
0.01 0.16 0.32 0.97 <0.0001 <0.0001 0.31 0.55 
NitFOM 
measured IV 
-0.132 0.130 0.019 -0.053 0.258 -0.289 0.113 0.022 




-0.175 0.109 0.005 -0.012 0.093 -0.114 0.057 0.024 
<0.01 0.03 0.93 0.82 0.07 0.03 0.27 0.64 
SFA 
0.062 -0.032 -0.018 0.044 0.062 -0.113 0.013 -0.021 
0.22 0.52 0.73 0.40 0.23 0.03 0.80 0.68 
MUFA 
0.086 -0.069 0.024 -0.061 -0.199 0.299 -0.076 0.013 
0.09 0.18 0.64 0.25 <0.0001 <0.0001 0.14 0.80 
PUFA 
-0.206 0.144 -0.016 0.043 0.237 -0.332 0.102 0.004 
<0.0001 <0.01 0.76 0.41 <0.0001 <0.0001 0.05 0.93 
USFA:SFA 
-0.071 0.034 0.018 -0.043 -0.067 0.103 0.008 0.040 
0.17 0.50 0.72 0.42 0.19 0.04 0.87 0.43 
PUFA:SFA 
-0.202 0.134 -0.002 0.002 0.134 -0.181 0.082 0.030 
<0.0001 0.01 0.96 0.97 0.01 <0.01 0.11 0.56 
C 14:0, % 
0.141 -0.134 -0.066 -0.008 0.029 -0.028 -0.028 -0.037 
0.01 0.01 0.19 0.88 0.57 0.58 0.58 0.46 
C 15:0, % 
0.016 -0.005 0.028 -0.007 -0.045 0.003 0.059 0.061 
0.75 0.92 0.58 0.89 0.38 0.95 0.25 0.23 
C 16:0, % 
0.163 -0.119 -0.042 0.008 0.030 -0.025 -0.053 -0.062 
<0.01 0.02 0.41 0.88 0.55 0.62 0.30 0.22 
C 16:1, % 
0.157 -0.149 -0.040 -0.079 -0.118 0.218 -0.106 -0.043 
<0.01 <0.01 0.44 0.13 0.02 <0.0001 0.04 0.40 
C 17:0, % 
0.004 -0.034 -0.027 -0.085 0.098 -0.019 -0.072 -0.081 
0.93 0.50 0.59 0.11 0.05 0.72 0.16 0.11 
C 17:1, % 
0.055 -0.063 -0.006 -0.085 -0.053 0.137 -0.068 -0.029 
0.28 0.22 0.90 0.10 0.29 0.01 0.18 0.57 
C 18:0, % 
-0.039 0.051 0.009 0.066 0.070 -0.156 0.064 0.018 
0.44 0.31 0.86 0.21 0.17 <0.01 0.21 0.72 
C 18:1 n9, % 
0.078 -0.059 0.030 -0.056 -0.199 0.294 -0.067 0.020 
0.13 0.25 0.56 0.29 <0.0001 <0.0001 0.19 0.70 
C 18:2 n6, % 
-0.213 0.150 -0.007 0.041 0.225 -0.330 0.110 0.013 
<0.0001 <0.01 0.89 0.43 <0.0001 <0.0001 0.03 0.79 
C 18:3 n6, % 
-0.089 0.083 0.106 -0.005 -0.028 -0.044 0.135 0.124 





Table G.28. Continued. Hot season population Pearson correlation coefficients of processed ham color, 
bind strength, and proximate composition with iodine value and Fatty Acid Methyl Ester (FAME) 
composition
1,2







Variable L* a* b* 
Moisture, 





C 18:3 n3, % 
0.028 -0.066 -0.106 -0.005 0.162 -0.093 -0.046 -0.075 
0.58 0.19 0.04 0.92 <0.01 0.07 0.37 0.14 
C 20:0, % 
0.049 -0.007 0.043 0.065 -0.102 0.090 0.002 0.029 
0.34 0.89 0.39 0.22 0.04 0.08 0.97 0.57 
C 20:1 n9, % 
-0.068 0.042 0.000 0.017 -0.072 0.113 -0.058 -0.025 
0.18 0.41 1.00 0.75 0.16 0.03 0.26 0.62 
C 20:2 n6, % 
-0.183 0.166 -0.016 0.066 0.188 -0.240 0.030 -0.041 
<0.01 <0.01 0.75 0.21 <0.01 <0.0001 0.55 0.42 
C 20:3 n6, % 
-0.078 0.049 -0.074 0.004 0.213 -0.207 -0.012 -0.075 
0.12 0.34 0.15 0.95 <0.0001 <0.0001 0.82 0.14 
C 20:4 n6, % 
0.000 0.000 -0.064 -0.002 0.172 -0.201 0.082 0.023 
1.00 0.99 0.21 0.96 <0.01 <0.0001 0.11 0.66 
C 20:3 n3, % 
0.014 -0.038 -0.109 0.020 0.208 -0.118 -0.111 -0.149 
0.78 0.46 0.03 0.71 <0.0001 0.02 0.03 <0.01 
C 20:5 n3, % 
0.019 -0.017 0.042 -0.018 -0.074 0.072 0.022 0.044 
0.71 0.75 0.40 0.73 0.15 0.16 0.67 0.38 
C 22:0, % 
-0.011 0.045 -0.028 -0.035 -0.011 -0.020 0.033 0.028 
0.83 0.37 0.59 0.50 0.82 0.70 0.52 0.58 
C 22:1 n9, % 
-0.122 0.143 0.055 -0.027 -0.002 -0.014 -0.010 -0.014 
0.02 <0.01 0.28 0.61 0.97 0.79 0.85 0.78 
C 22:4 n6, % 
-0.056 0.072 -0.009 0.095 0.193 -0.219 0.038 -0.027 
0.27 0.16 0.86 0.07 <0.01 <0.0001 0.46 0.59 
C 22:5, % 
0.074 -0.050 -0.048 0.022 0.068 -0.007 -0.062 -0.065 
0.15 0.33 0.34 0.68 0.18 0.89 0.23 0.20 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty 
acids. PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to 
saturated fatty acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 L* measures darkness to lightness (greater L* value indicates a lighter color). a* measures redness (greater 
a* value indicates a redder color). b* measures yellowness (greater b* value indicates a more yellow color). 
Instrumental color cured ham was determined on as the average of 4 measurements on a ham steak. 
4





Table G.29. Hot season population Pearson correlation coefficients of belly traits with iodine value and Fatty Acid 
Methyl Ester (FAME) composition
1,2 


















-0.301 -0.588 -0.036 -0.112 -0.100 -0.488 -0.423 -0.331 -0.477 
<0.0001 <0.0001 0.15 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
NitFOM 
measured IV 
-0.320 -0.586 -0.086 -0.147 -0.111 -0.520 -0.446 -0.348 -0.506 




-0.336 -0.488 -0.488 -0.179 -0.144 -0.442 -0.450 -0.258 -0.444 
<0.0001 <0.0001 <0.0001 <0.01 0.01 <0.0001 <0.0001 <0.0001 <0.0001 
SFA 
0.353 0.368 -0.043 0.182 0.104 0.378 0.380 0.244 0.387 
<0.0001 <0.0001 0.40 <0.01 0.04 <0.0001 <0.0001 <0.0001 <0.0001 
MUFA 
-0.219 -0.077 0.043 -0.109 -0.012 -0.149 -0.140 -0.116 -0.156 
<0.0001 0.13 0.41 0.03 0.82 <0.01 0.01 0.02 <0.01 
PUFA 
-0.068 -0.307 -0.015 -0.040 -0.102 -0.206 -0.222 -0.102 -0.205 
0.18 <0.0001 0.77 0.44 0.05 <0.0001 <0.0001 0.05 <0.0001 
USFA:SFA 
-0.354 -0.368 0.038 -0.188 -0.107 -0.373 -0.376 -0.245 -0.383 
<0.0001 <0.0001 0.46 <0.01 0.04 <0.0001 <0.0001 <0.0001 <0.0001 
PUFA:SFA 
-0.284 -0.479 0.014 -0.151 -0.145 -0.401 -0.419 -0.239 -0.409 
<0.0001 <0.0001 0.78 <0.01 <0.01 <0.0001 <0.0001 <0.0001 <0.0001 
C 14:0, % 
0.086 0.226 -0.132 0.064 0.064 0.195 0.191 0.126 0.197 
0.09 <0.0001 0.01 0.22 0.21 <0.01 <0.01 0.01 <0.01 
C 15:0, % 
-0.237 -0.207 -0.085 -0.140 -0.026 -0.239 -0.204 -0.113 -0.217 
<0.0001 <0.0001 0.10 0.01 0.62 <0.0001 <0.0001 0.03 <0.0001 
C 16:0, % 
0.298 0.343 -0.040 0.168 0.091 0.344 0.333 0.237 0.352 
<0.0001 <0.0001 0.44 <0.01 0.08 <0.0001 <0.0001 <0.0001 <0.0001 
C 16:1, % 
-0.228 -0.092 -0.001 -0.137 -0.023 -0.164 -0.160 -0.099 -0.163 






Table G.29. Continued. Hot season population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2 
















C 17:0, % 
-0.487 -0.395 -0.084 -0.278 0.003 -0.438 -0.469 -0.419 -0.506 
<0.0001 <0.0001 0.10 <0.0001 0.95 <0.0001 <0.0001 <0.0001 <0.0001 
C 17:1, % 
-0.491 -0.286 -0.069 -0.302 -0.027 -0.367 -0.378 -0.377 -0.428 
<0.0001 <0.0001 0.18 <0.0001 0.61 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:0, % 
0.338 0.311 -0.024 0.163 0.088 0.331 0.344 0.207 0.340 
<0.0001 <0.0001 0.65 <0.01 0.09 <0.0001 <0.0001 <0.0001 <0.0001 
C 18:1 n9, % 
-0.202 -0.071 0.048 -0.097 -0.008 -0.139 -0.130 -0.107 -0.145 
<0.0001 0.17 0.36 0.06 0.87 0.01 0.01 0.04 <0.01 
C 18:2 n6, % 
-0.031 -0.287 0.007 -0.019 -0.111 -0.175 -0.197 -0.064 -0.169 
0.55 <0.0001 0.89 0.71 0.03 <0.01 <0.01 0.21 <0.01 
C 18:3 n6, % 
-0.007 -0.044 -0.025 0.045 0.072 -0.103 -0.039 0.006 -0.056 
0.90 0.40 0.63 0.38 0.16 0.05 0.45 0.91 0.28 
C 18:3 n3, % 
-0.635 -0.429 -0.292 -0.392 0.065 -0.572 -0.496 -0.530 -0.613 
<0.0001 <0.0001 <0.0001 <0.0001 0.21 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:0, % 
0.321 0.391 0.061 0.142 0.049 0.382 0.372 0.223 0.378 
<0.0001 <0.0001 0.24 0.01 0.34 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:1 n9, % 
0.045 0.157 0.001 -0.005 -0.040 0.142 0.141 0.048 0.129 
0.38 <0.01 0.98 0.92 0.44 0.01 0.01 0.35 0.01 
C 20:2 n6, % 
0.187 -0.044 0.048 0.116 -0.073 0.076 0.047 0.039 0.064 
<0.01 0.39 0.35 0.02 0.16 0.14 0.36 0.45 0.22 
C 20:3 n6, % 
-0.226 -0.308 -0.073 -0.104 -0.083 -0.269 -0.281 -0.283 -0.317 
<0.0001 <0.0001 0.15 0.04 0.11 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:4 n6, % 
-0.393 -0.419 -0.143 -0.243 -0.001 -0.421 -0.393 -0.370 -0.454 
<0.0001 <0.0001 0.01 <0.0001 0.98 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:3 n3, % 
-0.370 -0.267 -0.174 -0.209 0.031 -0.348 -0.312 -0.393 -0.402 
<0.0001 <0.0001 <0.01 <0.0001 0.54 <0.0001 <0.0001 <0.0001 <0.0001 
C 20:5 n3, % 
-0.039 -0.003 -0.042 -0.054 0.013 -0.037 0.016 -0.060 -0.031 





Table G.29. Continued. Hot season population Pearson correlation coefficients of belly traits with iodine value and 
Fatty Acid Methyl Ester (FAME) composition
1,2 
















C 22:0, % 
0.127 0.024 0.064 0.089 -0.097 0.049 0.024 0.069 0.054 
0.01 0.64 0.21 0.08 0.06 0.34 0.65 0.18 0.29 
C 22:1 n9, % 
0.093 0.090 0.017 0.083 0.015 0.067 0.090 0.051 0.080 
0.07 0.08 0.74 0.11 0.77 0.20 0.08 0.32 0.12 
C 22:4 n6, % 
0.074 -0.091 -0.080 0.100 0.023 -0.013 -0.022 -0.044 -0.029 
0.15 0.08 0.12 0.05 0.66 0.81 0.67 0.39 0.57 
C 22:5, % 
-0.275 -0.168 -0.222 -0.117 0.089 -0.224 -0.176 -0.245 -0.246 
<0.0001 <0.01 <0.0001 0.02 0.08 <0.0001 <0.01 <0.0001 <0.0001 
1 
Upper row is the correlation coefficient between traits. P-value for difference from zero provided below.
 
2
 IV = iodine value. GC = gas chromatography. SFA = saturated fatty acids. MUFA = monounsaturated fatty acids. 
PUFA = polyunsaturated fatty acids. USFA:SFA = ratio of unsaturated fatty acids (MUFA + PUFA) to saturated fatty 
acids. PUFA:SFA = ratio of polyunsaturated fatty acids to saturated fatty acids. 
3
 A subjective flop score of 0.5 (soft) through 5.0 (firm) in 0.5 unit increments was assigned to each belly.  Subjective 
flop scores were anchored such that a score of 0.5 was characterized as an approximate flop distance of less than 5 cm, a 
score of 1 was 5.1 to 10 cm, a score of 2 was 10.1 to 15 cm, a score of 3 was 15.1 to 20 cm a score of 4 was 20.1 to 25 
cm and a score of 5 was greater than 25 cm. 
 
